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INTRODUCTION 


The extensive development of radio and electronic aids to naviga- 
tion during the war has made it necessary that consideration be given 
to standardizing to the highest practicable degree the methods and 
equipment used in this internationally important field. To this end it 
is desirable that representatives of all interested nations be well informed 
on all types of navigational aids and that there be occasional opportuni- 
ties to review these devices in the light of further experience. The In- 
ternational Meeting on Marine Radio Aids to Navigation (IMMRAN), 
held at New York City and New London, Connecticut, April 28-May 9, 
1947, was for the purpose of demonstrating United States progress in 
this field, with the hope that it would produce conclusions and resolu- 
tions leading to world standardization of radio aids which could be re- 
corded for reference and utilization at future international conferences 
considering standai’dization of equipment in this field. 

The first international meeting of this kind was the International 
Meeting on Radio Aids to Marine Navigation (IMRAMN), held by the 
British Government in May 1946. The United States IMMRAN followed 
approximately a year later and was similar in many respects to the 
British meeting. 

The United States IMMRAN agenda was divided into three parts: 
The first part was devoted to lectures and exhibits setting forth the 
merits of the various systems manufactured in the United States and 
covering basic problems of navigation in which radar and position fixing 
systems are designed to help. This part of the Meeting was conducted 
at the Roosevelt Hotel in New York City, which was chosen because of 
its convenient location and accessibility to the various companies and 
laboratories exhibiting equipment. For the lectures, the United States 
called on outstanding authorities from government, industry, and uni- 
versities to present papers on the vai'ious aspects of I'adio aids to marine 
navigation. These were all delivered during the .session in New York. 
In addition to the papers presented by the United States, an opportunity 
was given foreign delegates to present papers, and papers were presented 
by delegates from the United Kingdom, France, and Denmark. 

The second part of the Meeting was devoted to actual shipboard dem- 
onstrations of those United States systems considered to be sufficiently 
developed and operationally tested to warrant their consideration for 
possible standardization. This part of the Meeting was held in the 
vicinity of New London, Connecticut, which was chosen because of its 
favorable location for conducting the demonstrations in question. For 
the shipboard demonstrations, the United States Maritime Commission 
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training ship American Sailor, the United States Coast Guard Cutter 
CayupbeU, and the United States Coast and Geodetic Survey ship Lydonia 
were used. The American Sailor had five radar equipments aboard 
(each of which represented the product of a different United States 
Manufacturer) and also had two radiotelephone equipments aboard 
(A.T.&T and Mackay). The Campbell was used primarily for demon- 
strating Loran equipment, and the Lydonia was used primarily for 
demonstrating Shoran, Fathometers, and associated hydrographic survey 
equipment. ' In addition to the government ships the Sperry Gyroscope 
Company very kindly made their laboratory vessel Wanderer available 
to assist in the demonstrations of radar and Loran. 

The third and last part of the Meeting was devoted to discussions 
of the material presented in the first two parts and for recording any 
conclusions, recommendations, or views which resulted therefrom. This 
part of the Meeting was held at the United States Coast Guard Academy 
at New London, Connecticut. 

Assistant Secretary of State Garrison Norton was Honorary Chair- 
man of the Meeting; Dr. William L. Everitt, Head of the Electrical Engi- 
neering Department of the University of Illinois, was Chairman of the 
Meeting and presided at all the plenary sessions; Captain John S. Cross, 
of the Telecommunications Division of the Department of State, was 
Executive Secretary of the Meeting; and Lieutenant Commander L. E. 
Brunner, United States Coast Guard, was the Program Coordinator. 

As originally planned, it was not believed necessary to have any 
special committees for the Meeting. Near the end of the first week, how- 
ever, it became evident that there would be need for some international 
committees to reconcile any differences of opinion and draft any recom- 
mendations and conclusions that appeared appropriate. Accordingly, 
the Chairman of the Meeting appointed a Steering Committee consisting 
of representatives from eleven countries. This Steering Committee in 
turn appointed three subcommittees as follows: Committee A — Radar; 
Committee B — Medium and Long Distance Aids (other than radar) ; and 
Committee C — Consideration of all aspects of radio aids to navigation 
not covered by Committee A and B above. The conclusions, recommen- 
dations, and views drafted by these three committees were presented to 
the plenary session for discussion, comment, and adoption and arc con- 
tained in Chapter V. 

It is considered that this Meeting accomplished its aims effectively, 
i.e., it informed the delegates from other countries of the United States 
policy in this field; it demonstrated the progress which the United States 
has made in the development of marine radio aids to navigation; it 
informed the delegates regarding adoption of new raido aids to naviga- 
tion by the United States Government; it informed the delegates re- 
garding the availability, type, and quality of marine radio navigational 
aid equipment produced by United States manufacturers: and it pro- 
duced a number of conclusions, recommendations, and views which 
should be very helpful for use both domestically and internationally at 
future meetings or conferences on this subject. 



It is also considered that the Meeting has been particularly effective 
in assuring the nations of the world that the United States, from the 
viewpoint of both government and industry, is keenly alive to the require- 
ments of the mariner for radio aids to navigation and is presently operat- 
ing effective systems which are practicable and proven and which can 
be expanded on a world-wide basis. 

Since it was not the object of the Meeting to negotiate any binding 
agreements, the delegates did not have plenipotentiary powers, and, 
therefoi’e, no formal agreements were signed. However, it is believed 
that the work accomplished at this meeting resulted in a more sympa- 
thetic attitude on the part of the delegates towards the establishment 
of standards for international systems of radio aids to navigation. 
Accordingly, such work will stand as an effective signpost for similar 
future meetings, at which it is hoped agreement may be obtained for 
the adoption of standard world-wide systems of raido aids to navigation 
which will effectively meet the needs of the mariner. 
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PART ONE 

General 




CHAPTER I 


INTRODUCTORY AND OPENING ADDRESSES 


MORNING SESSION, MONDAY , APRIL 19U7 

Mr* JOHN S. CROSS, the Executive Secretary of the International 
Meeting on Marine Radio Alda to Navigation (IMMRAN), introduced the 
Honorable GARRISON NORTON, the Assistant Secretary of State of the 
United States and Honorary Chairman of IMMRAN, who delivered the 
following official opening and welcoming address: 

Secretazy NORTON; Gentlemen, it gives me great pleasure officially 
to open this International Meeting on Marine Radio Aids to Naviga- 
tion and to welcome you here today on behalf of the United States 
Government. 

As in London last May, the representatives of the nations here 
present have been drawn from both the administrative and the tech- 
nical sides of this In^ortant field. You have assembled here to 
view and discuss the various marine radio aid equipments and the 
many improvements which United States technicians have developed, 
and to compare these devices with those you saw at the meeting 
sponsored by our British colleagues last year. 

You are aware that wartime developments advanced the technical 
knowledge and use of radio aids to an almost incredible degree. 

As a consequence, there are now available to us radio navigation 
devices of proved merit which a few years ago wez^ either unknown 
or merely in early stages of discussion by those responsible for 
their creation. The fact that such devices are now available 
places the nations of the world in a position to select those 
which prove to be the best. 

At this meeting it will, of coxirse, be the aim of the United States 
delegates to demonstrate to their colleagues from other countries 
the progress which our country has made in the developnent of marine 
radio aids to navigation. In this C(xinectlon we shall show you 
many of the newest devices adopted by the United States Government 
and we shall also inform you as to the availability, type, and 
q\iality of marine radio aid equipments produced by United States 
manufacturers. However, I believe I speak for all of us when I 
express the hope that our discussions and inspections at this Meet- 
ing will serve only to accelerate oxu: thinking and to focus our 
selective eye upon the right material and techniques, regardless 
of their place of origin. 
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At this meeting It irlU also be the aim of the United States to 
keep delegates of the other nations Informed as to our policy In 
this field. The United States believes that some standardization 
of marine radio aids is essential If we are to preserve spectirum 
spac^^ avoid unnecessary expenditure of funds, and eliminate 
duplication. If as a result of the Meeting it should appear that 
conclusions and resolutions leading to some degree of world stand- 
ardization can be worked out by the nations represented here, we 
shall have taken a long step In the right direction. 'Ke shall 
have taken such a step, however, only if we center our attention 
upon the very best eqtdpmants and techniques the art affords. 

There Is one point that I should like to make crystal clear to 
those who are concerned with agreeing upon which aids should be 
standardized and what the standards should be: The United States 
Government is opposed to any standardization which would result 
in monopolistic or exclusive advantages to one country as against 
another. We have previously voiced this principle in connection 
with standardization of radio aids to air navigation and I should 
like to quote you the statement of our spokesman at a recent meet- 
ing of the Provisional International Civil Aviation Organization 
in Montreal: 

"If equipment or devices developed, patented, or manufac- 
tured by the United States Government or its nationals are 
established as global standards by PICAO, the United States 
Government will use its best offices to ensure full freedom 
of manufacture of such equipment or devices by any Member 
State. The United States will not advocate or accept any 
standard which would entail ary monopolistic or exclusive 
advantage to any one country or to smy one business enter- 
prise or group of enterprises." 

At that Meeting, our British colleagues made a similar statement 
as follows: 

"The United Kingdom will not be party to the world stand- 
ardization of ary equipment of British design and manufac- 
ture unless provision can be made for the production of this 
equipment in other appropriately qualified countries desir- 
ing to manufacture it. The Government of the United Kingdom 
will do everything in its power to render necessary technical 
information and specifications available to such covintries on 
favorable and convenient terms." 

We believe that this pirinciple should also apply to marine radio 
navigational aids and, if adopted by the other nations of the 
world, would permit you administrators, engineers, and scientists 
to select the best techniques and equipment and to standardize 
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■where you believe standardization is desirable. Accordingly, I 
submit for your ccxisideration the matter of adopting such a prin- 
ciple by formal resolution at this iieeting. 

In order that you gentlemen have as complete a discussion as pos- 
sible, the United States has in-vited visiting delegates to present 
papers at this Meeting. Together "with those presented by repre- 
sentatives of the United States, these papers will bring you up to 
date on developments that have transpired in this field since the 
London Meeting. You -will see that the United States has called 
upon representatives from both Government and Industry of this 
country to participate in this Meeting. They are authorities in 
their respective fields, and I am confident that their talks "will 
go a long way to further the purposes for which tre are assembled 
here. 

As Chainnan of this Meeting the United States has selected 
Dr. WILLIAM L. EVERITT, who is well informed in the field of radio 
navigation. He is not directly connected ■with either Government 
or Industry. This gentleman is well known to most of you, and I 
am sure you ■will agree that we can rely upon him so to conduct 
these meetings that the views of each nation will be adequately 
presented. Dr. EVERITT is Head of the Electrical Engineering 
Depar^tment of the U'ni^versity of Illinois. He is a Past President 
of the Institute of Radio Engineers, an organization which, I am 
sure, is well known to all of you. During the w'ar he was Director 
of the Operational Research Staff of the Chief Signal Officer of 
the United States Army. In this position he enjoyed an unusual 
opportunity to become acquainted with the operation and performance 
of the various radio aids to na^vigation utilized by the Allied 
Forces. Dr. EVERITT 's operational experience, together ■with his 
fine technical background and understanding of the requirements 
for such a meeting as this, qualify him to an exceptional degree, 
in oxar opinion, for the chairmanship of this Meeting. I am confi- 
dent that as the Meeting progresses and those of you wtio do not 
alreadj'^ know Dr. EVERITT become acquainted ■with him, you ■will 
agree that ovu* choice was a wise one. 

It is, of course, the international aspect of this Meeting that is 
of primary concern to the Department of S^tate of the United States 
Government. That is why the Department has sponsored this Meeting 
and why, in the absence of Secretary MARSHALL, 1 am welcoming you 
today on behalf of ovir Government. The Department is in-bensely 
interested in the success of this Laeeting. Although w/e are not 
scientists or technicians we are acutely aware of the importance 
of radio navigational aids in the postwar development of a peace- 
fvil and prosperous world. Vie have been active in the formulation 
of our policy and in the preparations for this meeting. Vie have 
assigned Captain JOHN S. CROSS of our Telecommunications Di^vlsion 


7S407S ()— 4S 


5 



as the Executive Secretary. His Job Is to see that each delegate 
becomes well Informed as to ovir developments In this field* I 
knoir he will welcome any requests or suggestions you may have In 
this regard. 

Since we hope to show you how the United States Is actually meet- 
ing, or proposes to meet, her marine navigation problems, we 
believe It highly appropriate that the man rrho will coordinate the 
demonstrations of equipment and techniques is an officer of the 
United States Coast Guard. The merchant shipping of this country 
looks to the Coast Guard as the service of this Goveniment charged 
with providing safegtxards for the mariner. Our Program Coordinator 

is, therefore. Lieutenant Commander L. £. BRUNNER, of the United 
States Coast Guard Headquairters in Washington, D. C. 

So, gentlemen, I declare this Ifeeting officially open. Again I 
welcome you here as our guests. I hope your Meeting will be a suc- 
cessful one and to that end I urge your active participation. I 
now turn the Meeting over to your Chairman, Dr. EVERITT. 

Dr. WILLIAM L. EVERITT: Thank you, Mr. NORTON. Ladies and Gentle- 
men, I am indeed honored by the privilege of serving as presiding 
chairman at a meeting of so many distinguished persons. 

It is interesting to observe that the earliest applications of 
electricity were to the problems of communication. The comunica- 
tlon engineer and scientist has ever been generally interested in 
extending man’s senses. First he gave us the privilege of talking 
over greater distances, and more recently he has not only extended 
the senses of speech and hearing but also the sense of vision so 
we can see greater distances. In earlier applications it has been 
necessary to have at the source of the information some device whlcl 
would collect the intelligence and transform it into electrical 
form to be transmitted. More recently we have been able to send 
out radio waves looking for information and, when they have found 

it, they are able to return to us and bring us a message which can 
then be presented in a form easy for interpretation. 

I think we also recognize that marine applications have received 
the greatest benefactions from radio, the first important applica- 
tions being to the extension of safety of life and property at sea. 

In gathering in this. Meeting to consider the various problems of 
marine radio aids to navigation, I think we may be happy that we 
have so many means to choose from. Only a few short years ago we 
would have welcomed even a single solution, whereas today we are 
not seeking a solution but we are choosing among many solutions. 

In this position I think that we, however, should not be in the 
position of a child in a candy shop who is presented with so many 
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■wonderful things that he is, on the one hand, not able to choose 
between them or, on the other hand, he selects so many that he is 
afflicted by indigestion. We are here primarily to observe, dis- 
cuss, and collaborate on the various solutions that have been pre- 
sented. 

At the onset Mr. NORTOl'J, the Honorary Chairman, has given assur- 
ances that should remove any cpncern regarding manufacturing advan- 
tages that might accrue through standardization on any particular 
solution, and, should it be possible to keep this in mind throughout 
the meeting, o\ir concern need only be to include those operational 
and technical aspects that will pro'vrLde the most reliable, useful, 
convenient, and safe radio aids to marine navigation. 

If you •will bear with me briefly I should like to outline some of 
the procedures for conducting our lecture sessions. At this initial 
meeting, when we were gathering and registering, we fovird that we 
S'tarted a little bit later than the scheduled time. I am going to 
insist, though, that the future meetings shall start promptly on 
time. Beginning with the afternoon session you can count on the 
fact that the gavel ■will come down at the scheduled time in your 
program. 

In general the lectures will consume from 15 to 20 minutes, and we 
■will have a short 5“ or 10-minute question-and-answer period there- 
after and questions from the floor will be welcome. We will, how- 
ever, keep each speaker and the question-and-answer period to the 
time that is assigned. Therefore, you will find in many cases that 
the time allowed is not as long for discussion as you would wish. 
When questions from the floor arise I ■will either answer the ques- 
tion or refer it to the speaker or to one of our technical advisers, 
or, if it is quite comprehensive and reqviires ex^tended discussion, 
we will place it on the agenda for the final discussion period 
which will be held at New London on Thursday of next week. Many of 
you may find after the close of the lecture that further points or 
questions arise in your mind and you would like to have them clari- 
fied. If so, I would like to have you submit them to me or to one 
of oxir assistants. Lieutenants GRAHA/I, OLSON, and DOMKE. You may 
wish to identify these gentlemen as the liaison officers in the 
organization of the Secretariat, which is shovm on your program. 
Their names appear in the lower left-hand comer, and you may wish 
to underline them. You should submit to them such questions as you 
wish to be placed on the agenda for the final discussion next week. 

We also have on the SeCre^tariat Lieutenant COVrEE. His specific 
duty is to provide any of the members of the meeting with further 
information on the subjects discussed, and he will help you obtain 
further reftrence material. You ■will also find that the man^lfac- 
txirers ■will be delighted to make available to you any printed 
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material that they have, and Lieutenant COSTIE can help you get in 
touch with them or you can contact them in the booths of the vari- 
ous demonstrations that we have in the outer rooms. 

I aia well aware that many of you were unable to bring vdth you all 
of your technicians and engineers and scientists who would like to 
participate in this meeting and hear the discussions. Therefore, 
we have attempted to provide sufficient copies of the papers to 
permit you to take some home with you, and the manufacturers will 
also malce available printed material that they may have. Some of 
the electrical engineering students in the United States vrho have 
come here from their home countries to study have had contact with 
the United States Coast Guard and have obtained material from them. 
Some of them may not know that this is available, and we would be 
glad to have them contact the Coast Guard in the future, I believe 
a number of them are attending these meetings as observers. Vie are 
delighted to have them and they are most welcome. 

Ti'Je also recognize that some of you may have difficulty in following 
the speakers, due to the use of technical terms in English, and to 
assist you in this respect we are arranging to have copies of each 
lecture placed upon your table immediately before it takes place. 
The speaker, of course, may not follow it word-for-word, but the 
essential points will be there indicated, 

I am not going to engage in a long summary but prefer to open our 
meeting immediately for general discussion. However, it has been 
indicated that Sir ROBERT ?;aTSON-WATT would like to respond for the 
delegates at this time. I will call on Sir ROBERT. 

Sir ROBERT WATSON-.VATT (UK); Mr. Assistant Secretaiy of State, 

Mr. Qiairman, I have been accorded the very great privilege and 
pleasure of speaking as the voice of the visiting delegates in 
thanking you for the Invitation which you have extended to us and 
for the very charming words of welcome you have addressed to us. 

You, Mr. Assistant Secretary, have spoken in the name of Mr. Secre- 
tary LlAJiSmiLL and I am sure that my fellow delegates would join me 
in asking tliat you should take our own special greetings to Mr, 
Secretary ilAilSIlALL on his return from arduous duties overseas to 
duties scarcely less arduous in his own country. V.'e are grateful 
for Ills welcome. 

’Ve thank you for extending to us this further opportimity' of seeing, 
hearing, and speaking about the beneficent applications of radio 
techniques to the pursuits of peace, V«'e welcome particularly your 
references to the desirability of doing nothing in this Intenia- 
tlonal Meeting which should tend to inhibit the still very rapid 
progress which 'is being made both technically and operationally in 


8 



in the applications of the classical and the newer radio aids. We 
shall associate ourselves, and we shall welccme the opportunity of 
very formally associating ourselves with the assurances which we 
were happy to give in the corresponding aviation gathering on the 
efforts which our governments will make to insure the freest avail- 
ability of technical information to facilitate manufacture and 
application in the very diverse and diversely qualified countries 
which we have the honor to represent. 

We are saying thank you at the beginning of the proceedings, confi- 
dent that we shall thank you with even greater zeal at the end. 

For the moment we have only one complaint. We think that you Vifotild 
have done well in the arrangements which you have made to speak to 
Mr. HEICHELDERFER about the visibility conditions outside. We find 
it something of a hardship that you should have made it so diffi- 
cult for us to immure ourselves even within these pleasant walls. 

We appreciate the kindness of the weather Trtiich you have provided 
for us, but a little dimming of the sky outside the shop windows 
might make it easier to carry out our duties. 

If I might seize this opportunity to speak personally to you I 
would speak alike as an individual and as a representative dele- 
gate in saying how pleased we are to have the opportunity of sit- 
ting \inder your chairmanship. You and I, sir, have had a long 
association in the applications of radio aids to various things, 
and if I may abuse my privileged position I would like to say that 
I, personally, very gratefully welcome this opportunity of sitting 
iinder your chairmanship. After all, I have some right to speak 
personally, I am a commuter on the trans-Atlantic ferry and I 
feel myself nearly as much at home in this new countiy^ as in my 
own, and so I plead that excuse for taking this opportunity of 
speaking to you as an individual and to ovir cousins generally on 
behalf of all the delegates here assembled on saying thank you. 

The Chairman presented Mr, JOHN S. CROSS, Assistant Chief of the 
Telecommunications Division of the Department of State, who was 
also serving as the Chairman of the United States Delegation and 
Executive Secretary of IMMRAN, 

Mr, CROSS (US): Mr, Chairman, distinguished guests, I shall divide 
my remarks into two categories — those pertaining to my participa- 
tion as the Executive Secretary of II\OJRAN and those pertaining to 
my participation as a part of the Iftiited States Delegation, How- 
ever, I hasten to add that the combination of these remarks will be 
brief, since I subscribe heartily to the doctrine that the head can 
xinderstand only so much as the seat can endure. 

In both of the official capacities I should like to echo the wel- 
come which has already been expressed by Secretary NORTON and 
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Dr. EVERITT. We are indeed pleased to have such a representative 
group here with us. 

The Executive Secretary of a meeting of this kind is, under the 
Chairman, responsible for the general planning, coordination, and 
management of the meeting and acts, therefore, somewhat as a major- 
domo. The general planning for this meeting has been a group 
activity of government and industry, and I should like to take this 
opportunity to thank publicly the advisory program group for the 
fine planning job it has done and the administrative group for its 
excellent execution of these plans. 

government extended invitations to this meeting to all countries 
with which it maintains diplomatic relations and has taken great 
pains to bring many of its own technical experts in the field of 
marine radio aids to navigation to this meeting. The program also 
provides opportunity for our colleagues from other countries to 
express their ideas. I am therefore confident that our program 
will be both interesting and informative. However, in addition to 
these factors, we also wish to insure that your stay with us will 
be a pleasant one, so don't hesitate to call upon me or any of the 
officers of the Conference for assistance, as we all stand ready 
to help in any way we can. 

Now, speaking as Chairman of the United States Delegation, I should 
like to tell you a little something about the United States policy 
in the field of radio aids to navigation. Tihen the United States 
Delegation came back from the London BIRAliilN meeting last year, they 
considered that it was important for the United States to develop 
a policy in this field. Accordingly, a committee was formed, under 
the chairmanship of Admiral O'NEILL, of the United States Coast 
Guard for this purpose. This conmittee had representation from all 
the Interested government agencies of the United States and, after 
considerable study of the problems, it aririved at a recommended 
policy. The recommended policy was adopted by the Department of 
State and is now the recognized policy of this government for radio 
and electronic aids for marine navigation. This policy has been 
documented as a part of th.e meeting and ?rill be available to all 
the delegations. In order that you may all be informed in this 
regard, I ask your indulgence while I read it to you. (Mr. CROSS 
then read BIMEtAN Document No. entitled "United States Policy for 
Radio and Electronic Aids for Marine Navigation", which is included 
in full in Part II of this volume.) 

Some of you know and are known by the members of the United States 
Delegation. However, in closing I should like to state that the 
United States Delegation hopes that it will get to know all of you 
gentlemen individually; that you in turn will get to know us; and 
that, in our day-to-day discussions of our problems in this field. 
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WB will find solutions idiich will be mutually acceptable to all of 
US} and that the end result will be a successful meeting for all 
concerned. 

Lieutenant Commander L. £. BRUNNER, United States Coast Guard, the 
Program Coordinator of IMMRAN, briefly outlined program arrangements, 
after which the morning session ended. 
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CHAPTER II 


NEW YORK SESSIONS; DELIVERY AND DISCUSSIONS 
OF TECHNICAL PAPERS 


AFTERNOON SESSION , MONDAY, APRIL 19k7 

The Chairman presented Professor H. L. SEWARD (US), who delivered 
IMLfflAN Document No. 6, •'World Radio Aids to Navigation”. This 
paper presented a short summary of events leading to the United 
States lUMRAN, Including a review of recent developments in the 
field of international radio aids to marine navigation* The trade 
routes of the world were outlined along with some estimates as to 
the needs for radio navigational aids on the routes. A philosopliy 
of aids to navigation was developed and some of the pertinent char- 
acteristics of a lasting aid were pointed out. 

Mr. E. K. JETT (US) presented EflJRAN Docxunent No. 7, ’’Frequency 
Bands and Their Utilization for Marine Radio Aids to Navigation”. 
This paper offered a broad and objective outline of the frequency 
service-allocations being proposed by the United States to the 
International Telecommunications Conference for the maritime navi- 
gational service. Joint use of facilities by marine and aviation 
services, where practicable, was advocated. Salient features of 
systems and equipments to be utilized in the proposed navigational 
bands were touched on, and the necessity for world agreement^n the 
standardization of navigational systems and appropriate frequency 
semdce-allocations was stressed. 

Rear Admiral EAItL E. STONE (US) gave IKIIRAN Document No. 8, ’’The 
Selection and Conversion of V«ar Developed Electronic Systems for 
Peacetime Use”. This paper presented general comments concerning 
aids to marine navigation and the suitability of various systems 
for peacetime use. The importance of standardizing electronic aids 
to navigation was stressedj inviting particular attention to the 
consideration of frequency assignments at the then-approaching 
International Telecommunications Conference. The radio and elec- 
tronic aids specifically mentioned were Radar, Shoran, Loran, 
Medium-frequency Direction Finders, Radio and Radar Beacons, and 
VHF Radio Communications. Recommendations were also set forth as 
to requirements for navigational aids in areas (a) less than 3 miles 
from land, (b) between 3 and $0 miles from land, and (c) over $0 
miles from land. 

As there was no further discussion of any of the papers presented, 
the Meeting adjoxuTied. 
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MORNING SESSION , TUESDAY , APRIL 19ii7 

The first paper, IMMRAN Doc^llnellt No. "T^e User's Viewpo^^t on 
Radio Navigational Systems for Ocean Going Vessels", was presented 
by Mr. EDflARD C, PHILLIPS (US). This paper discussed in an over- 
all manner the viewpoint of the commercial shipowner with respect 
to the various electronic navigational devices that have been made 
available, or potentially available, to him in recent years. The 
factors which he must take into consideration with respect to these 
new devices were pointed out. Ihe paper explained the dilemma with 
wtiich the shipowner will continue to be confronted until such time 
as definite international agreements are arrived at which will 
enable him to make use of these new devices throughout the world. 

In presenting the next speaker, the Chairman invited the attention 
of the meeting to the methods of "operational research" by which 
the data for Mr. JANSKY 's paper were obtained. Noting that "opera- 
tional research" consists of more than merely turning an equipment 
over to a user and asking his opinion of it but is actually a coor- 
dinated study of problems by manufactiurer and user, the Chairman 
stated his belief that operational research wotild be useful in many 
other problems. 

Ifr. C. M. JANSKY, Jr. (US) then presented IMMRAN Document No. 10, 
"The Application of Marina Radar to Lake, River, and Passage Naviga- 
tion". This paper described briefly the Great Lakes Radar Opera- 
tional Research Project carried out during 19h6 under the auspices 
of Lake Carriers Association. Lake, river, and passage navigation 
were found to require radar which will seirve three functions, 
namely (1) collision prevention, (2) position finding in open wat- 
ers, and (3) navigation combined with collision -prevention in con- 
fined’ waters. The requirements for all-purpose navigational radar 
capable of serving all three functions are set forth as they were 
developed for the Great Lakes with comment regarding the similarity 
of these requirements for open water, river, passage, and harbor 
navigation elsewhere. 

Mr. KNOX McILWAIN (US) stated that, in his eaqperience with radar in 
aircraft, considerable difficulty was had with clouds. He asked if 
similar difficulty with cloud return on marine radars was experi- 
enced when the range was cut down to 1* or 5 miles. 

Mr. JANSKY replied that no such difficulty had been experienced. 

Nt. J. H. ROffLATT (Canada) said that the LO-mile range that Mr. 
JANSKY recanmended for navigational radars appeared to be based on 
anomalous propagation and asked what Mr. JaNSKY considered the 
maximum range to be under such conditions. 
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Mr. JANSKY (US) replied that the principal value of a range of UO 
miles lias primarily to show a sufficient portion of the coast line 
to enable its identification. 

Mr. MANSFIELD (US) presented lUMRAN Document No. 11, "Radio Naviga- 
tional Aids for Small Craft" in somewhat condensed form. A non- 
technical analysis of certain existing marine radio navigational 
devices and systems was given, together with their present and pro- 
spective possibilities and llMtations as applied to the needs of 
small craft. A division was drawn between pleasure boats and small 
commercial vessels in considering their respective requirements for 
these navigational aids. Specific problems encountered by the ves- 
sel owners, research engineers, and equipment manufacturers were 
discussed. 

Rear Admiral TELFAIR KNIGHT (US) presented BQIRAN Document No. 12, 
"U. S. Maritime Commission Electronic Training Program". This 
paper stressed the Importance of training in the comparatively new 
field of electronics in the merchant marine. It outlined the elec- 
tronics training in navigation given by the United States Maritime 
Commission to (1) Cadet-midshipmen at the United States Merchant 
Marine Academy at Kings Point, New York, (2) Merchant Marine Offi- 
cers at US1£ Service Schools at New York and San Francisco, and (3) 
Radio Officers at the USMS Training Station at Sheepshead Bay. 
General outlines of the scope of each of these courses were given 
as a preparation for the visits to some of these schools by the 
IMMRAN delegates. 

Mr. WILLIAM ROSS (UK) compared Rear Admiral KNIGHT *s descrlptlcm of 
the fairly lengthy course of Loran Instruction, in irtiich the dangers 
of superficial knowledge were emphasized, with Mr. MANSFIELD'S 
statement that a navigator could be trained in the use of Loran in 
one day, and asked if this divergence of views could be clarified. 

Lieutenant Commander G. C. FONDA (US) explained that the two views 
were actually not contradictory, as Mr. MANSFIELD had reference to 
the use of Loran on small craft which do not venture great dis- 
tances to sea and are always within ground wave range of Loran 
stations where Loran operation is very simple. The longer period 
of training described by Rear Admiral KNIGHT is necessary to give 
transocean navigators the required experience in the use of sky- 
waves. 

Rear Adniral KNIGHT (US) added that the Navy's wartime experience 
indicated that or 5 days of intensive study were necessary for 
personnel to master the subject completely. 

Mr. LORANCHET (France) asked if any reports on the efficiency of the 
radar maintenance men who had completed the 6-*weeks course were 
available. 
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Commodore McLINTOCE (US) replied that some reports had ;}ust been 
received but had not yet been analyzed* 

Rear Admiral KNIGHT (US) said that the men trained in radar main- 
tenance had had previous training in communication equipment main- 
tenance and therefore he believed them satisfactorily trained* 

Mr* DAVID (France) asked for an explanation of why the accuracy of 
Loran fixes vary in accuracy from a few hundred yards to several 
miles and if the reliability of a given fix could be interpreted 
by the operator* 

Lieutenant Commander FONDA (US) explained that this was due in 
part to the geometry of any by^rbollc system. 

The Chairman said that a fuller answer to the question would be 
given by Dr* BARROVf's paper the following day* 

Captain AKSIC (Yugoslavia) asked if the United States Maritime Com- 
mission Training Schools were open to foreigners. 

Rear Admiral KNIGHT (US) stated that under present legislation the 
schools were restricted to citizens of the United States* He added 
that he would be most happy to receive foreigners in the schools 
if legislation permitted* 

In reply to questions from Lleuteimnt S0UBASSAK06 ( Greece )> Rear 
Admiral KNIGHT explained that the men trained in radar and elec- 
tronics maintenance bad previously completed a 9‘*month course In 
radio operation and maintenance* They were required to have a 
first class operator's license and to have served under that 
license a minimum of 16 months before being admitted to the 6^week 
course in radar and electronics maintenance* 


AFTERNOON SESSION, TUESDAY , AffilL 19ii7 

Chptain R* V* RAVENHILL (UK) presented BiMRAN Docximent No* 13» 

(U* K* Paper No* 3)> "A Review of the Navigational Requirements 
and the Radio Navigational Systems Available— Views of the U* K* 
Delegation"* This paper presented a comprehensive picture of 
United Kingdom opinion for all classes of navigational aids and 
conclxaded that a combination of Radar, Deoca, and Consol would sat- 
isfactorily meet the requirements of the mariner* This paper was 
a sequel to a similar paper presented at the London IMRAMN by the 
speaker, being an enlargement of the first paper and bringing the 
United Kingdom views up to date* 

Captain RAVENHILL (UK) then showed a slide of the figure appearing 
in IMURAN Document No* 39 (U* K* Paper No* U)> "An Examination of 
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the Oceans of the World in Relation to the Requirements for Radio 
Navigational Aids”. The speaker explained this part briefly, 
pointing out that it was presented merely to give a conception of 
the coverage which would result from the integrated Radar-Decca- 
Consol combination recommended by the United Kingdom if adopted 
internationally. 

In reply to questions by Comaodore MbUNTOCK (US) concerning Dacca, 
Captain RAVENHUJL (UK) requested that he be allowed to leave these 
questions unanswered until after presentation of the Decca paper. 

In reply to another question by Commodore McLINTOCK (US), the 
speaker stated he did not believe it would be economical to pro- 
vide a long range aid especially for the mariner but, since such 
aids were necessary for aircraft, it would seem desirable that they 
be sited with a view toward marine Interests. In this manner, the 
mariner would be provided with an aid which could be described as 
most useful but possibly not essential. 

Ccmmodore McLINTOCK (US) then ‘asked the United Kingdom position in 
regard to the large existing radiobeacon system. 

Ifr. HORTON (UK) stated that the attitude of the Ihilted Kingdom on 
the matter was that MF/DP does not quite reach the accxiracy that 
the navigator has agreed to be required for his purpose. To achieve 
that accuracy over large areas merely MF/DF would require a pro- 
hibitively large nimiber of stations. While recognizing the great 
service that these stations have provided in the past, the United 
Kingdom feels that we are now in possession of better methods of 
position fixing on whloh we should concentrate in the future. The 
existing MF/DF stations should continue to be used, but additional 
money and effoirt should not be expended in their Improvement and 
extension. 

Captain RAVENHILL (UK) added that the plotting of D/F bearings on 
Mercator charts is a niilsance, and that' without the use of special- 
projection charts inaccuracies were introduced in the plotting as 
the distance from the station Increased. 

Commodore McLINTOCK (US) asked if a position can be determined from 
Consol only, without the use of a direction finder or any supple- 
mentary means of finding the approximate DR position. 

Mr. HORTON (UK) stated that the ambiguity of a Consol line was on 
the order of 20 degrees but that for maritime use it had been 
assumed that this is no disadvantage. Within the Consol system 
Itself, however, there is no means of resolving this ambiguity. 

Chptain HARDING (US) asked if the speaker could state the range and 
accuracy figures upon which the comparisons of the ^sterns discussed 
in the two papers were based. 
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Captain RAVENHHJ* (UK) replied that^ broadly speakings the Tigures 
Here those found in the proceedings of the London lURAMN. Ife said 
that it was difficult to go into all the details of each system. 

Mr. MINMERS (US) asked if some idea could be given of the cost of 
a dual system of Consol and Decca in terms of frequencies. 

lb*. STANESBY (UK) said that the feeling was that Consol might occupy 
a band of 10, or perhaps IS or 20, kilocycles, depending upon how 
extensively the system was used. The Becca system would require a 
band of approximately 8.5 kilocycles. 

Mr. BLAISDELL (US) asked what were defined as "coastal waters" in 
terms of radius; i.e., would coastal waters be SO miles, 100 miles, 
or 20 miles* 

Captain RAVENHILL (UK) answered that at the original meeting an 
effort was made to produce a table for the scientists in order to 
give them an idea of the type of aid that is required. He admitted 
that such a table could be picked full of holes and that he did not 
believe that the navigators were at all keen to produce aiy table 
stating precise distances, etc. However, the definition of "coastal 
area" as given in his paper was anything between 3 and 50 miles from 
the nearest danger. In further discussion of the accuracy of 
direction-finders. Captain RAVENHILL stated that the MF/DF did not 
give the required accuracy throughout the coastal area. Its accu- 
racy varies from four to sixteen times the stated accuracy of a 
quarter of a mile required in this region. 

Mr. BLAISIELL (US) stated that his reason for bringing up the mat- 
ter was that on the Great Lakes direction finders had been used until 
the advent of radar and that the coverages of 3 to 50 miles were 
quite accurately covered hy direction finders in manufacture. 

Captain RAVENHILL (UK) stated that he doubted that they were under 
all conditions covered with the inquired accuracy. He agreed that 
special localities would undoubtedly be best suited by special aids. 
Ife recalled the case of a large liner r\inning ashore on the Port- 
land Bill, due to an undetected error in a D/F bearing, and stated 
that the inaccuracy of D/F can lead to trouble. 

Lieutenant Commander McNALLY (US) commented that we are agreed that 
it is possible to make a radar which has sufficient accviracy and 
resolution combined with a chart comparison unit to give one a pin- 
point location in pilotage waters. In fact, this has been achieved. 
Yet we find some reluctance on the part of the skipper to advance 
his ship up those restricted waters under conditions of total invisi- 
bility to his eye. He feels that radar cannot anticipate. It 
merely presents an Instantaneous record. In spite of the fact that 
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he has very valxiable data as regards speed and location and that 
it is possible mechanically to transfer to the chart a point of 
light that moves along as his ship moves up the channel, the sea- 
man's eye would notice the little change in the tide as the bow 
starts to swing or change in the wind, or the little garbage lighter 
setting out from the beach, and other hazards, plus the ever pres- 
ent danger of failuire of the apparatus in the middle of a very haz- 
ardous transit, for which the only alternative would be to drop 
the hook* Lieutenant Commander McNALLY solicited the views of the 
speaker on this problem. 

Captain RAVENHILL (UK) replied that, without a doubt, where the 
waters are restricted beyond a certain point no electronic device 
could get one into the harbor. On the other hand, there are maiiy 
harbors where one might take a ship out purely on radar, this 
depending in part upon the class of ship. To do this, the master 
must be indoctrinated in the use of radar and have confidence in it. 
That this confidence is being gained is evidenced by the fact that 
some masters are doing things they would never have dreamed of 
before having radar. He quoted a case of quite a large ship enter- 
ing Capetown on radar without seeing anything until the two sides 
of the breakwater were abreast of the ship. However, this incident 
he believed unduly daring. He felt that great savings of time 
covild be made with radar in the larger harbors under conditions 
when the visibility is on the order of a quarter of a mile. 

Lieutenant Commander McNALLY (US) asked if the use of radar might 
not promote the element of daring and thereby penalize users for 
accidents they might have when using radar and, in addition, penal- 
ize radar in the minds of the users and the insurance companies. 

Captain RAVENHILL (UK) replied that he hoped this would not happen 
and did not believe it woxild. One must recognize an aid to navi- 
gation not as an "end-all" but must realize its limitations and use 
it intelligently. 

The Chairman next presented Commander W. B. BERNARD (US), who 
delivered IMMRAN Document No. lii, "Considerations Affecting a Choice 
of Radar Operating Fi^quencies" . This paper presented briefly the 
considerations of radio propagation and required angular deflnitlcm, 
which govern the choice of the frequency for liavlgational radar, 
with the emphasis on frequencies of 3>000 mc/s and 9f000 mc/s. It 
was noted that these considerations, in turn, are influenced by the 
conditions under which a ship is to operate. The lower frequency 
was favored for cases where it is most desirable that a reliable 
maximum range be obtained, and the higher frequency was favored 
idiere high angular resolution with a small antenna is deemed the 
most impoz*tant factor. 
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With reference to certain of the attenuation figures in Commander 
BERNARD'S paper, Mr. STANESBY (UK) stated that his figures on a 
3-cm radar attenuation indicated that a reduction in range from 
about 10 to 5 miles restilted from a rate of precipitation of about 
50 mm* He felt that the discrepancy might be due to the fact that 
Commander BERNARD'S calculations assumed that d-to-the-Uth-power 
law applied, whereas he believed d-to-the-8th-power law to be more 
appropriate for a target at a range of 10 miles during precipita- 
tion. Noting that both his own and Commander BERNARD'S calcula- 
tions assumed a constant precipitation over the entire path, he 
admitted that this was milikely, since the 50 mm. per hour figure 
quoted occurs only about twelve times per year, for periods of 6 
minutes each, in the regions of most dense rainfall, and in England 
only once a year for a period of 6 minutes. Which simply means 
that by using 9,000 mc/s a better picture is obtained the greater 
part of the time, since the angular resolution is increased by a 
factor of 3 over 3 >000 mc/s radar and the amount of time that pre- 
cipitation would seriously impair 9»000 mc/s operation is negligible. 
With regard to back-scattering, Mr. STANESBY said that their reports 
have indicated that this does not present any great difficulty. 

Commander BERNARD (US) agreed that the resolution of the 9^000 mc/s 
radar wovild be greatly superior for a given antenna size but said 
that he did believe the d-to-the-Uth-power law to be valid for 10 
miles with a normal antenna height and a target the size and height 
of a ship. He added that precipitation at the rate of 20 mm. per 
hour occxirs an appreciably greater percentage of the time than the 
50 mm. rain referred to by Mr, STANESBY. He indicated that back- 
scattering was experienced imder extremely heavy precipitation and 
rough seas. He felt that the decision as to irtiether or not to 
sacrifice resolution the small percentage of the time when these 
adverse conditions prevail was a matter for the individual operator. 

Commander 0. C. ROHNKE (US) gave IMURAN Document No, 15, "U. S. 
Ariti-Collision and Navigational Radars". This paper presented an 
outline of the action taken to produce a set of marine radar speci- 
fications which are now in use in the United States, k review was 
given of the commercial radar equipments which were to be demon- 
strated during IMURAN, with comments regarding the general use of a 
shipboard radar. 

Lieutenant SOUBASSAKOS (Greece) referred to the speaker's statement 
concerning the difficulties of identifying low-lying land masses 
and suggested that radar reflectors might solve that problem with- 
out the use of aiiy other aids. 

Commander ROHNKE (US) replied that advantage should be taken of all 
the aids available, i.e,, radiobeacons, fathometer, etc. 
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Sir ROBERT WATSON-WATT (UK) asked if the data obtained on the 
International Ice Patrol concerning the use of radar in relation 
to the pick-up ranges of actual ice had been tabulated and could 
be made available to the delegates to the meeting. 

Lieutenant Commander BRUNNER (US) replied that the data had been 
tabulated but had not yet been published. He felt sure that it 
could be obtained by a direct request to the Coast Guard. 

Lieutenant Commander G. L, OTTINGER (US) presented BQfRAN Document 
No. 16> "Utilization of Radar Beacons and Reflectors", Illustrated 
with slides. In this paper the corner reflector, the Ramark, and 
the responder beacon were discussed with regard to their construc- 
tion, applications, and limitations. It was noted that the mariner 
finds it practicable to navigate safely in most cases with his 
radar and the usual less glamorous tools without special radar aids. 

Ur. ROSS (UK) a^ed to what extent comnerclal United States radars 
made provision for receiving radar beacons outside the main radar 
band. 

Lieutenant Commander OTTINGER (US) replied that regvilar beacons for 
marine seirvlce had not been Installed because the manufacturers had 
not provided for their reoeptioni however, they had been asked to 
make 8<XDe provision for some sort of modification to enable the 
radars to receive outside the main band. He stated, however, that 
ths aodifioation to enable such reception was comparatively simple 
and iitt felt sure that the United States manufacturers could meet 
the dmaand which might arise for such modifications. He added that 
the reception of beacons on commercial radars would be included in 
the New London demonstrations. 

Ur. ROSS (UK) asked what would be the United States opinion of radar 
beacons operating on the principle of sweeping in frequency through 
the main radar freqxiency in order to avoid the necessity for a spe- 
cial modification to the radar receiver. 

Lieutenant Commander OTTINGER (US) said that such a plan has many 
merits. He felt that in the best interests of the safety of life 
and property at sea it was better to have a satisfactory beacon 
operating outside the main radar frequency than to take a chance 
on obtaining interference from a "walking beacon" of the type to 
which Ur. ROSS referred. It had been noted with the Ramark and 
responder beacons that there was a definite amount of additional 
clutter on the scope when these were in operation. Hyhile the 
United Kingdom may have developed such a beacon to the point that 
it gave no serious Interference, the United States had no experi- 
ence in that respect and preferred to play safe until shown. 


20 



Commander RYZHKOV (USSR) asked if any tests i«ere being conducted 
to determine the applicability of comer reflectors to topographic 
and survey woiic. 

Lieutenant Commander OTTINGKR (US) said that one manufacturer had 
been using comer reflectors for very precise topographic survey- 
ing and that there were undoubtedly other applications of which he 
was not aware. In cases where there is low-lying land, he believed 
that the comer reflector would provide very good results. 

Sir ROBERT WKTSON-'EATT (UK) stated that the detection of small fish- 
ing vessels by radar presented a difficult problem to large ships 
travelling through the areas in which these fishing boats operate. 

He suggested that the Meeting might do well to consider and discuss 
some form of passive radar reflector which might be mounted on the 
masthead of small vessels to enable their detection by radar and 
suggested that this subject be added to the agenda. 

Lieutenant Commander OTTINGER (US) agreed that this was a problem 
of considerable Importance. A number of masters have remarked that 
they can see the lights of a small fishing fleet 10 miles away but 
often cannot pick it up on the radar until they are considerably 
closer. The Coast Guard, in its experiments with small collapsible 
comer reflectors on lifeboats, had found them very luisatlsfactory, 
as they were unreliable and not much better targets than the boats 
themselves. Vhile it is reasonable that some form of comer 
reflector would materially assist in the detection of small boats, 
its form must be carefully worked out. 

Lieutenant Commander IfoNALLY (US) asked the United Kingdom delega- 
tion if they had tried putting a corner reflector on small craft and 
rotating it with a means of giving some identification to the comer 
reflector. While the collapsible reflector is unsatisfactory 
because it is a flimsy affair without the requisite intersecting 
planes, the United States Navy has had limited success with small, 
rotatable comer reflectors. 

Commander PARMINTER (UK) said that such a system had been used very 
successfully by the Dover Command exactly as described for the 
detection of their own motor torpedo boats. He was not aware that 
it had been recently elaborated or pushed any further. 


MORNING SESSION , 7jEIMESEAY . APRIL 22, 19U7 

The first paper of the morning session, IMURAN Document No. 17, 
"Modem Depth Finders", was presented by Dr. R. L. STEINBERGER (US), 
This paper, which the speaker condensed somewhat in its delivery, 
reviewed the art of depth finding, beginning with a brief history 
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and ending irlth a description of several late-model Instruments. 

The physical principles underlying the operation of modem depth 
finders were separated, classified, and briefly explained. The 
manner in which these principles are integrated into coniplete sys- 
tems was indicated. 

Captain RAVENHILL (UK) asked if the United States Navy had obtained 
satisfactory results with recording echo sounders at speeds in 
excess of 20 knots. 

Dr. STEINBERGER (US) replied that, in general they behaved satis- 
factorily. He stated that the Important consideration was the 
mounting of the transducer. It must be far enough aft so as not 
to pick up bubbles or undue turbulence, and the hull must be kept 
clear of protuberances and the resulting cavitation over the face 
of the transducer. 

Mr. LORANCHET (France) asked if the United States had any experi- 
ences or reports of the use of echo depth finding in the fishing 
industry. 

Dr. STEINBERGER (US) replied that he had no direct experience in 
the matter but that the fishermen seemed to be gratified with their 
results. 

Mr. BLAISIELL (US) added that the depth finder allows the fishermen 
to remain on a particular ledge or bank and make their catch over 
a good feeding ground. Also, an indication is obtained on the 
depth finder when the vessel passes over a school of fish. Since 
most of the fishermen in this country are in business for them- 
selves or working on shares, anything which allows them to save 
time, fuel, and money in making their catch is considered by them 
to be a good Investment. 

Lieutenant Commander C. N. DANIEL (US) next presented IMMRAN Docu- 
ment No. 18, *^.8. Marine Radiobeacons". IMs paper outlined the 
development of the system of United States Marine Radiobeacons and 
covered the operational asp)ects of the system since its inception. 
The relationship of component phases which, combined, form an inte- 
grated radio aids to navigation system was discussed. 

Captain HARDING (US), referring to the ten continuous wave beacons 
mentioned in Lieutenant Commander DANIEL'S paper, added that these 
did not supply a continuous wave only. The continuous wave fea- 
ture is for the use of automatic direction finders, but the signal 
also has superimposed on it a 7 $% modulated signal which can be 
used by direction finders unable to receive continuous wave trans- 
missions. Therefore this type of beacon does not deprive existing 
direction finders of any service whatever. 
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Sir ROBERT TTATSON-'WA.TT (UK) pointed out that in some of their 
papers the United Kingdom had expressed their concern over the 
comparative inaccuracies of the direction finders served by shore- 
based radiobeacons. He felt it desirable that an understanding be 
reached as to the relative importances attached to these various 
inaccuracies by the United States and the United Kingdom. Ampli- 
fying Mr. HORTON'S remarks of the previous day (see page 16), he 
stated that the United Kingdom regained the ship-based direction 
finder a rapidly obsolescent device and thus the shore installa- 
tion of beacons to serve it an interim and decaying service. 
Anticipating that the radiobeacon and its associated direction 
finder will disappear within a period of roughly 10 to 20 years, 
the United Kingdom wovild be reluctant to go into any large scale 
extension of its present direction finding facilities. Recogniz- 
ing that these facilities will be required to render service for 
a period of 10 or more years, the United Kingdom will continue to 
maintain them and even cautiously and conservatively work off a 
portion of its prewar installation program. He added that there 
still remained the important distress and sea rescue aspect of the 
direction finding problem, which required special treatment and 

woxild doubtless be discussed later in the meeting. 

% 

Lieutenant Commander DANIEL (US) replied that he hesitated to pre- 
dict the future of the radiobeacon. He believed that it had proved 
very satisfactoiy and would probably continue for scmie time to 
come, especially in the United States, because of the amoxmt of 
coastal traffic and small craft which might not be able to afford a 
more elaborate device. 

Captain HARDING (US) invited the attention of the United Kingdom 
delegation to the description of the United States radiobeacon sys- 
tem given in the front of the light lists. This, in effect, reveals 
the experience of 20-odd years of the United States with radiobea- 
cons and summarizes the United States position with regaixl to them, 
especially as regards night effect. He added that the discussion 
of the matter by Dr. SMITH-ROSE given on page 11 of Volume II of 
the London IMRAMN doctiments is fully subscribed to by most United 
States people who have had experience with radiobeacons, 

Mr, H, BUSIGNIES (US) presented IMMRAN Document No, 19, "New Devel- 
opnents in Marine Radio Direction Finders". This paper reviewed 
the past and present state of marine radio direction finding and 
compared its merits and fields of application with those of radar 
and loran. It was noted that marine direction finders, while they 
have incorporated all the design and component progress made in 
radio in the last 20 years, are still not only working on the same 
basic principle but the means of achieving measurements are prac- 
tically the same as 20 years ago. Some of the reasons for this and 
the factors which appear to limit future progress were reviewed. 


23 



A number of suggestions for Improvement were presented, with dis- 
cussions of their practicability* A short motion picture on high 
frequency direction finders was shown in connection with this 
paper. 

Ur. YULLIAM ROSS (UK) presented a digest version of UMIAN Docu- 
ment No. 20 (U. K. Paper No. 15 ), "The Dacca Navigator". This 
paper briefly described the principles of the Decca system and 
discussed the progress made during the past year in the technical 
developments and performance of the system. The lane identifica- 
tion feature was described and a siimniary of the operational experi- 
ence of the past year presented. 

Mr* VERSTbLLE (Netherlands) asked if it is possible to reach a 
higher accuracy for survey work the use of shorter wave lengths. 

Mr. ROSS (UK) replied that he did not believe this possible because 
of the greater effects of reflections on the higher frequencies. 

Commodore McLINTOCK (UC) asked if there were any practical opera- 
tional data on the reliability of Decca under conditions of high 
noise level and if there were any operational research studies of 
Radar and Decca, side-by-side, in pilotage waters. 

Mr. ROSS (UK) replied that very little information w'as available 
on the performance of Decca under high noise conditions, since the 
system had been used only in the vicinity of the United Kingdom 
where the noise is relatively low. He added that since the band- 
widths of the Decca channels were very narrow and that it was 
intended ultimately to use channel widths of only 100 to 200 cycles 
per second, the effects of high noise conditions should be thereby 
lessened. He Indicated that the side-by-side studies of radar and 
Decca had been made and that the opinion was that the two aids are 
c ompleme ntary . 

Ur, STANESBI (UK) added that in the matter of reliability he had 
been unable to detect any response from the Decca meters when the 
ship's communication transmitters were operated, even on 500 kilo- 
cycles. He described an experience in the English Channel during 
an extremely severe storm, during which conditions were so bad that 
they were unable to communicate with a shore station only 7 miles 
away. Hiring this storm it was noted that the Decca meter would 
flick only about 1/20 of a lane when lightning struck the sea close 
to the ship, 

AFTERNOON SESSION , YiEDNESDAY , APRIL 30, 19ll7 

The afternoon session opened with the presentation of IMMRAN Docu- 
ment No. 21, "Pulse Navigation Systems", in somewhat condensed form. 
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iQT Dr* W. L. BARRCV (DS). A variety of navigational systems based 
on pulsed radio transmission developed during and since World War II 
mere reviemed, together mlth a discussion of the most significant 
scientific and engineering factors that influence the suitability of 
such systems for practical ad<qption. 

Mr* ROSS (UK) asked, since separation of ground and sky waves is 
iBQ>0S8lble in L.F* Loran, if its performance mould not be similar 
to that of Consol, where this separation is likewise impossible, 
ilso, he had seen it suggested that correction for the systematic 
error due to skywave might be possible in L*F. Loran and wondered 
if correction might not be equally possible in the case of Consol. 

He solicited the United States opinion on these points. 

Dr* BARROW (US) replied that he did not know the official United 
States position but that his personal impressions were that errors 
could ooc\ir due to skywaves and that the experiments to date had 
not been sufficiently definitive to clarify the points in question. 

Mr. GROSS (US) stated that L.F. Loran was not yet a part of the 
United States policy and that the United States was not prepared to 
make any statements conceralng it beyond the fact that experiments 
were in progress and the system appeared to have promise* 

Mr* C* £. HORTON (UK) presented a digest version of IMURAN Document 
No. 22 (U. K. Paper No. 6 ), *3“Cin Shipbome Radar Progress in the 
U.K. since the first IMRAMN*. This paper, which made reference to 
other U. K. papers (notably numbers 7> 8 , 9 > &nd 10; IMMRAN Docu- 
ments No. I 46 , U7, 1*8, and 1*9, respectively) briefly summarized the 
United Kingdom progress in shipbome radar since the first IMRAMN. 
The United Kingdom performance specifications, type-testing arrange- 
ments, operational trials, and recent developments were discussed. 

Lieutenant SOUBASSAKOS (Greece) asked, with regard to radar charts, 
if it would not be possible to overlay standard navigational charts 
with transparent sheets on which would be printed the significant 
radar navigaticaial aspects of a particiilar area. 

Captain RAVENHILL (UK) mplied that he believed that the distor- 
tions due to humidity and temperature would be different for the 
two sheets and would render this approach impractical. He believed, 
however, that by further experimentation it would be possible to 
produce chai*ts equally suitable for radar and general navigation 
by accenting prominent radar responsive features, etc. 

Mr* DAVIDSON (Canada) Inquired if the United Kingdom had under 
development an over-all monitoring system that Included the antenna 
and waveguide* 
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Ur. HORTON (UK) replied that experimental work was In progress but 
the results were not yet conclusive. The monitor system was based 
on the idea of receiving a part of the energy which goes out from 
the aerial in an echo box, converting it to a higher frequency, 
transforming that higher frequency into a supersonic isolation, 
and using a crystal delay line to delay retransfer back to the 
receiver by a sufficient interval of time to make it quite clear 
on the screen. 

Ur. DAVIDSON (Canada) then asked if the United Kingdom was consid- 
ering any government service of inspection of radar equipment on 
ships, analogous to that now used for wireless. 

Sir ROBERT mTSON-WATT (UK) replied that the United Kingdom was con- 
slderizig a maintenance system which would run in conjunction with 
the post office. He could not give any details, since they were not 
yet in a position to inspect their existing commercial practice, but 
he expected there would certainly be a comprehensive system on this 
matter. 

Commodore H. HANNING (US) delivered lUURAN Document No. 23, "Stand- 
ard Loran in the Merchant Marine". In this paper some of the prac- 
tical factors affecting successful use of Loran as an aid to navi- 
gation wei*e discussed. The need for additional Loran coverage in 
the approaches to the British Isles was stressed, and the importance 
of training in the use of this, as well as other electronic aids, 
was emphasized. 

Commander PARMINTER (UK) asked if the ships of the United States 
Merchant Maidne carried sufficient officers for them to have time 
to give close attention to all the new aids to navigation as well 
as to their other duties. 

Commodore MANNING (US) replied that if the officers did not have 
this time they must find it. 

Mr. LORAN CHET (France) questioned Commodore MANNING (US) concern- 
ing his experience with radar, with particular reference to clut- 
tering, aboard the S. S. AMERICA. 

Ccmmodore MANNING (US) replied that at the moment he found the 
clutter, or sea return, the principal shortcoming of his lO-cm. 
radar. He did not wish to engage in controversy over the relative 
merits of 3“ and 10-cm. equipment, since he had used only the 10- 
cm. He did believe, however, that by close observation an experi- 
enced operator could detect the differences between real and false 
echoes the major portion of the time and thus use the radar effec- 
tively. Since there are times when the radar will not be effective 
under these conditions, to accept the radar as infallible is not 
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prudent. He found the effects of rain and squalls to be less objec- 
tionable than those of heavy sea return. 

Lieutenant Commander JfcNALLY (US) asked if the speaker had found 
the radar to perform reliably over extended periods of time without 
maintenance and servicing. 

Commodore MANNING (US) replied that maintenance difficulties aboard 
the AMERICA had been very slight. If the instrument is properly 
serviced when the vessel comes to port, it may be used without hesi- 
tation for days on end. 

Sir ROBERT WATSON-WATT (UK) asked concerning the speaker's experi- 
ence in picking up ice and wooden ships by radar. 

Commodore MANNING (US) said that his sea routes were such that he 
had not encountered ice. With regard to wooden vessels, he was 
convinced that oven the smaller ones can be picked up in time to 
avoid collision, if the radar scope is watched closely. 

Ilie next speaker. Captain LAWRENCE M. HARDING (US), presented 
BJMRAN Document No. 2ht “Practical Progress in Loran for Marine 
Navigation". This paper briefly summarized some of the practical 
experience in providing Loran service and in actual operational 
use of Loran by merchant ships and civil aircraft since the London 
IMRAMN. A report of simple methods used to alleviate or eliminate 
interference to other radio services in or adjacent to Loran fre- 
quency channels and a summary of technical characteristics of new 
and improved postwar Loran ground station equipment were presented. 
Estimates of the costs of operation of new postwar Loran stations 
in terms of men, money, and frequency band were given, and new' 
operational experiences in the use of Loran by small craft, by 
ocean aircraft, and for purposes of medium distance navigation were 
described. 

Mr. ROSS (UK) commented that it was his impression that an exten- 
sion of Loran groundwave coverage from the present 700-mile range 
to 1000 miles wo\ild require a power increase on the order of UO db. 
He added that the long ranges of standard Loran were dependent upon 
a clear overwater path, since a very serious reduction in range 
was caused by intervening land, even stretches of 50 or 100 miles. 

He invited the speaker's reply. 

Captain HARDING (US) replied that he believed the figures given by 
Mr. ROSS to be approximately correct. The figures mentioned in the 
paper are very generalj the figures given for the daytime service 
now being obtained generally are being attributed to (l) consider- 
able improvements in the transmitting antennas and transmitting 
systems of existing stations and (2) the use of rather considerably 
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improved receivers which give an appreciably better signal-to- 
noise ratio. The net result of these improvements seem to indicate 
ranges of 800 miles or better. The 1000-kilowatt transmitters now 
in construction are expected to give ranges considerably above the 
present ranges. It is very true that Standard Loran provides the 
best service over water, and the stations are sited with that in 
view. 


MORNING SESSION , THURSDAY , MAY 1, 19U7 

The first paper was presented by Commander P, V. COLMAR (US). This 
paper, IMIffiAIJ Document No, 25, "Improvements in Loran Equipment for 
Shipboard Use", briefly discussed some of the in^rovements in Loran 
equipment since the London BJRAMN. A view of future developments 
to make use of possible extension of the Standard Loran system was 
presented. 

Mr, ROSS (UK) commented that the envelope of a pulse is propagated 
with the group velocity of the radio waves, whereas the cycles 
inside the pulse are cycles of continuous waves and are propagated 
with phase velocity. In a distxirbed medium, such as the ionosphere, 
these velocities are not the same. In the case of L.F. Loran 
propagation over long distances, he felt that this factor might 
preclude the use of cycle matching as an accuracy refinement over 
envelope matching. He asked if the United States had solved this 
problem. 

Captain HARDING (US) replied that the United States was aware of 
the problem but could not give an answer at the present time. 

Captain RAVENHILL (UK) asked if any difficulties in connection with 
the power supplies on small vessels vere anticipated in view of the 
recent developments. 

Commander COLMAR (US) replied that he did not believe there would 
be any difficulty on vessels large enough to reqtiire a long reinge 
navigational aid. 

Mr. DAVIS (US) added that the Loran equipments in use embodied 
electronic voltage regulators and therefore did not require a very 
stable power supply, being nomally able to stand a fluctuation of 
10^ in source voltage. The total povrer consumption of the largest 
equipment is less than 300 watts; the consumption of other sets, 
even less. 

Mr. H. STANESBY (UK) next presented IMMRAN Document No. 26 (U. K. 
Paper No, ll;), "Consol", in somewhat condensed form. This paper 
briefly described the Consol system and discussed the marine user 
trials and accuracy investigations since the first IMRAMN, 
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Commodoz^ UcLXNTOCK (US) Inquired us to the status of the proposed 
installations of Consol stations in Bermuda and in the Azores. 

Sir ROBERT TRATSON-TSATT (UK) replied that, to the best of his knowl- 
edge, there had been no firm decision to install the Consol sta- 
tions which were reconmended in a PICAO Regional Meeting. The 
matter was to some extent governed by the discussion then scheduled 
to take place in Montreal within the next few days. 

Commander £. K. RHOEES (US) presented IMURAN Document No. 27 > "Marine 
Aids to Navigation Broadcasts". This paper described in detail the 
methods and facilities used to inform ships at sea of changes in 
aids to navigation and obstinictions to navigation by means of radio 
broadcasts. The proper manner for shipmasters to report observed 
obstructions and defects in aids to navigation was outlined. 

Captain H. G. lODRE (US) next presented IMMRAN Document No. 28, 
'•Ocean Station Vessel Marine Services". This paper presented a 
brief discussion of the functions of Ocean Weather Stations, together 
with an historical resume of the program and the need for the Ocean 
Weather Stations in the postwar era. A nontechnical discussion of 
the services rendered by these stations and their use to the mari- 
time world was given. 


AFTERNOON SESSION . THURSDAY . MAY 1, 19U7 

Lieutenant Commander CLARENCE A. BURMISTER (US) delivered IMURAN 
Document No. 29 > "Electronic Aids for the Control of Hydrographic 
Surveys". This paper dealt principally with the use of Shoran for 
tydrographic survey work. The operational techniques involved in 
the use of this system were discussed in some detail. 

Ur. VERSTELLE (Netherlands) inquired concerning the effects of tem- 
perature on the accuracy of the ground and ship Shoran stations. 

Lieutenant Commander BURM^TER (US) explained that, while the ship 
stations have no thermal control, the temperature at the ground 
station is very closely controlled. The ship station is then 
checked against the ground station about once each hour, thus 
insuring a high order of accuracy. 

Commander PARMINTER (UK) asked for amplification as to the time 
required to set up a Shoran station ashore. 

Lieutenant Commander BURMISTER (US) replied that this varied, depend- 
ing on whether or not buildings were available, the rxiggedness of 
the terrain, etc. In general, a station could be set up in about 
LO hours, provided that the equipment did not have to be packed up 
steep hills, etc. 
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Camioander PARMINTER (UK) then asked If aniy use could be made of the 
system by ships, boats, or attendant small craft, or if it could 
be used only by the survey vessel Itself. 

Lieutenant Commander BURUISTER (US) replied that this angle had not 
yet been fully exploited, as the power requirements are rather high 
for a small boat. However, his organization, planned to install the 
equipment aboard a b^^foot craft during the coming summer. 

In reply to a qxiestion Mr. VERSTELLJS (Netherlands), Lieutenant 
Commander Burmister (US) stated that the distances to the two Shoran 
ground stations are measured simultaneously. 

Commander CASFER M. DURGIN (US) presented IMMRAN Document No. 30, 
**The Production of Nautical Charts for Radar and Loran”. This paper 
discussed various solutions of modifying the conventional nautical 
charts to make them useful for navigating with radar and Loran 
without iji^>airing their usefulness to the navigator whose ship is 
not equipped with these electronic aids. 

Mr. VERSTELLE (Netherlands) ccmimented that he feared that the s\ir- 
veys in a large part of the world were inadequate to permit the 
drawing of contoia* lines on land masses for use with radar. 

Commander DURGIN (US) agreed and suggested that in such cases it 
would be best to rely upon a good shore line, since this is the 
most important feature to be shown. 

The Chairman asked if radar itself could be used for survey in 
such situations to supplement the material on the chart. 

Conmander DURGIN (US) agreed that it might be possible to use radar 
to find those special points which respond more strongly than others. 

Captain RAVENHILL (UK) asked whether the United States had consid- 
ered the taking of photographs of the PPI presentation of harbors 
and issuing these in sailing directions or && Inserts on charts. 

Commander DURGIN (US) replied that this had been considered but 
primarily in connection with the preparation of charts. However, 
at the present time the coast pilots, which correspond to the sail- 
ing directions, contain photographs of the shore, and he saw no 
reason why PPI photographs could not be used for the same purpose. 

IHhen asked by the Chairman to elaborate on the United Kingdcan's 
efforts along these lines, Captain RAVENHILL (UK) stated that no 
definite decisions in the matter had been reached. TIi/hether or not 
such photographs are desirable is controversial, since any given 
photograph would apply only for one type of radar and one antenna 
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height and therefore might be misleading. He added that the 
United Kingdom had investigated most of the systems discussed by 
Commander DURGIN. The United Kingdom had done a good deal idLth 
tinting and agreed that this offers good possibilities for identi- 
fying contours, coast lines, etc. He asked if the United States 
had done anything in connection with chart comparison units, stat- 
ing that the United Kingdom was vindecided as to the best method of 
chart comparison. 

Lieutenant Commander UcNiUiLY (US) stated that a great amount of 
work had been done on this problem but that most of the chart 
comparison vinits evolved had been too elaborate even for Naval 
application. He said that the best approach to the problem in 
this coxmtry was a \anit very similar to the United Kingdom equip- 
ment demonstrated aboard H. M. S. FLEETA'OOD at the London BfRAldN 
and that this model suffers from insufficient light. 

Mr. STUART L. BAILEI (US) presented IMMRAN Document No. 31, "Some 
Examples of the Use of Marine Radiotelephony for Safety Purposes 
and as an Aid to Navigation”. This paper described the applica- 
tion of marine radiotelephony for safety and navigational purposes 
on the Great Lakes. Illustrations were given of navigational uses 
for radiotelephony. Operational studies of the application of VHF 
radiotelephony using frequency modulation as conducted on the 
Great Lakes were briefly set forth. The paper called attention 
to the action of the Interim Executive Committee of the Radio 
Technical Commission for Maritime Services endorsing frequency 
modxilation for use in the 30-to-300 me. band and the position 
taken in the United States frequency service allocation proposal 
respecting the desirability for international standajrdization upon 
the frequency 156.81 me. for the exclusive use of the maritime 
mobile service for short range communication. 

Mr. STANESBY (UK) commented that the thinking in the United Kingdom 
on this topic had been along lines similar to those expressed by 
the speaker. The frequencies in the vicinity of 2 me. are extremely 
congested in Europe, and it was felt that the higher frequencies 
would be eminently suitable for short distance commimication. The 
United Kingdom proposed to set aside the band 156 to 162 me. for 
short distance communications^ therefore there should be no diffi- 
culty in arriving at a compromise frequency in this region. Mr. 
STANESBY observed that shipmasters do not like to have a loudspeaker 
on in the wheelhouse because of the distractions caused by the con- 
versations between other ships and stations and asked if this diffi- 
culty were also experienced in the United States. With regard to 
the selective ringing systems, he asked if intership calling were 
done on the selective calling device or on the frequency to which 
the loudspeaker was tuned. 
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Mr. BAILEY (US) replied that a squelch circuit was employed to keep 
the irheelhouse quiet, except when conversations were actually in 
progress, and that it was mandatory for ships engaging in conversa- 
tions of any appreciable length to shift to another frequency. As 
z^gards the selective ringing, most of the Great Lakes ships have 
six receivers turned on at all times, and selective ringing takes 
place on a specific frequency. Selective ringing is employed only 
on shore-to-ship communications j inter ship calling is done by 
voice on the loudspeaker frequency, 

Mr. JAliSKY (US) added that the matter of having open loudspeakers 
in the ships' pilothouses had initially been approached with some 
misgivings. Experience had proved, however, that the ship cap- 
tains had actually come to welccme this feature, as it enabled 
them to know 'w^at other ship operations were going on in their 
vicinity without distracting them from their other duties. What 
had originally been feared to be a disadvantage had turned out to 
be an advantage. 

At this point a number of short movies on various subjects were 
shown, after which the afternoon session adjourned. 


MORinNG SESSION , FRIDAY , MAY 2, 19h7 

The first paper of the monving session, IMMRAN Document No. 32, 
"Progress in Radio Navigational Aids", was presented by Rear 
Admiral EARL G. ROSE (US). This paper summarized the important 
electronic systems of aids to navigation, including the extent to 
which they are used and the possible and probable future need for 
these systems. 

Captain FENNESSY (UK) made several comments with regard to the sec- 
tion of the speaker's paper devoted to the Decca system. He stated 
that, while the Decca system was at present providing satisfactory 
service to ships operating within its coverage area, it was recog- 
nized that a lane identification feature was essential, and that 
this would be provided. The problem of providing this J.ane iden- 
tification had been solved and successfully demonstrated on several 
occasions. There remained only routine engineering problems of 
integrating the lane identification feature with the operational 
Decca chains, and it was estimated that this would probably be 
acccmplished by the end of 19U7. He indicated that the lane iden- 
tification feature itself gave positional information accurate to 
about one-tenth degree at 200 miles. 

With regard to Decca coverage, he estimated that approximately 
eight Decca chains would be required to give coverage of the east- 
ern seaboard of North America from the Gulf of St. Lawirence to the 
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Grulf of Mexico. He stated that, Trhile the United Kingdom investi" 
gations of the system have been limited to ranges of about 300 
miles, it was probable that the useful range is considerably in 
excess of this. He cited exan^les of its use at ranges of U50, 

700, and, in one case, 1500 nautical miles from the center of the 
system but emphasized that at present no claims for its performance 
beyond the 300-mile limit could be made and that these figures were 
quoted merely tq Illustrate that greater ranges might possibly be 
realized. 

With regard to interference, he stated that the Decca system could 
normally tolerate interfering signals of an intensity equal to that 
of the Decca signal. There had, however, been cases in which sig- 
nals of ten times the strength of the Decca signals had rendered 
the system imusable. 

Captain J. HAUPTMANN-ANDEESEN (Denmark) presented lUMRAN Document 
No. 33 > "Ejqperiences from Denmark". This paper reviewed the prog- 
ress in the Installation and use of war-developed navigational aids 
in Denmark since the end of the war. The uses of radar, Loran, and 
Decca by Danish merchant shipping were described, and the progress 
toward operation of Dacca and Loran chains by Denmark was outlined. 
The speaker posed several questions concerning the further adoption 
of the newer aids ty merchant shipping. 

Captain COOMBS (UK) asked the speaker if radar had been installed 
aboard the training ship DANMARK for the training of cadets. ^^Ith 
regard to the speaker's remarks concerning the potential effects 
of radar on maritime insurance premiums, he stated that he felt 
that the underwriters were Justified in proceeding vdth caution 
until their claims e:q)erience showed that the installation of radar 
and other navigational aids aboard ships justified a lowering of 
premiums . 

Captain HAU PTMANN-AIJiDERSEN (Denmark) replied that, radar had not 
been installed aboard the D-MARK. 

Mr. LORANCHET (PVance) asked about the financial arrangements of 
the Decca system being installed in Denmark, Stating that there 
must be a decrease in the price of radar equipment, but not at the 
cost of lowering its quality, he asked that the question of licens- 
ing the equipment be placed on the agenda for discussion at the New 
London sessions. 

Captain FENNESSY (UK) stated that the Decca system in Denmark was 
to be constructed and operated by the Decca Company for a period 
of 10 years, but that its operation was to be controlled and regu- 
lated by the Danish government. The shipbome receivers would be 
hired from the Decca Company by the s^iipowners, as is the case in 
England. 
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CammlBSloner E. U. IIEBSTER (US) presented IIAIRAN Docximent No. 

”A Previeir of Some United States Navigational Aid Developments". 
This paper, prophetic in nature, presented a descriptive svimmary 
of some of the systems and devices which, while not included 
among the systems covered hy official United States policy, were 
in various stages of development in this country. The systems 
and devices discussed were the LF Omni-<iirectloQal Badio Range, 
Navaglobe, Teleran, Lanac, DUE, and the lUidar Camera. The point 
was stressed that, while we shoxild standardize and use idiat we 
have now, we must not be blind to newer developments for possible 
future use. 

Mr. C. £. HORTON (UK) presented a digest version of IMURAN Docu- 
ment No. 35 (U. K« Paper No. 18), "A Centlmetrlc Rotating Beacon”. 
This paper bikefly described the progress made in the development 
of a 10-cm. rotating beacon, known as the "radio lighthouse", and 
its applications to smaller vessels due to the simplicity of the 
receiving equipment. 

The Chairman then presented Sir ROBERT WATSON-WATT (UK), who sum- 
marized the proceedings of the IMURAN from the United Klngdm 
point of view. The text of this address is given verbatim below: 

Sir ROBERT WATSON-NATT (UK): Mr. Chairman, I have sought your 
indulgence for a departure from the submission of considered 
information which has been our iroik d\urlng this week. On this 
last day, while we shall be sitting together in New York City, I 
must ask leave to put some considerations which are b7 
implied questions and appeals, rather than statements. It has been 
the general obseinration in the world of today that the ratio of 
available food to appetite is very un-\miform in its distribution 
over the world. I make no apology for the Insatiable United King- 
dom appetite for figures. 

We have, on all occasions of this kind, dene our best to submit 
numerical considerations as a basis for the decisi<ns on interna- 
tional action. I'm going to appeal for still more numerical data 
to be available to us in the very precious two days at the end of 
the New London session when we shall have to decide what we are 
going to do next. 

In our pursuit of figures, we have, in the London meeting, and in 
a form in this meeting which has not been altered in any substan- 
tial detail from that of the London meeting, submitted a table of 
s<mie numerical requirements of the mariner as we believe them to 
stand. 

We of the United Kingdom do not press the figures in that table as 
having a particxilar significance or as having universal agreement. 
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but ire do most eaxuestly plead that In our New London discussion 
we should proceed from a table in which figures are put down, 
either the figures that we have given, the figures which we quote 
are: \mder 3 miles, 20 fathoms, $0 yardsj 3 to 50 miles, 100 
fathoms, a quarter of a milej over $0 miles, over 100 fathoms, 

5 miles. We don't mean, when we say 50 miles, something between 
1:9 and 51 miles. When we say 5-mile accuracy, we don't H»an some- 
thing between li.9 and 5*1 miles. But we do most earnestly plead 
that there should be an understanding amongst us all, of the 
order of magnitudes, of the performance that the mariner himself 
requires, those that he will use and demand with an urgency that 
is measxared by his willingness to pay a specific economic price 
and to get his administrations to extract from him through tsuca- 
tion contributions to that sp)ecific price. 

We must get technical figures put along side of economic figures 
if we are to discharge our duties. I plead, then, for a veiy high 
place in the New London agenda for the establislunent of a working 
table, which may be the United Kingdom table, idiich may be a dif- 
ferent one, but wtiich must be a workable table in numerical terms. 

If I may go very rapidly over the non-quantitative parts of the 
tabulation, I believe it has been implicit in all the papers pre- 
pared that we accept a separation of the services into long- 
distance, medium-distance, and short-distance seiw^ices. 

I would like to make one or two remarks on these subdivisions. On 
the long range aids ny perscaial faith is well known to the many 
who have had the misfortune to listen to me in my arguments about 
navigational aids for marine and for air navigation. My personal 
faith is in a higher standard of accxiracy than is regaixied as 
indispensable by the mariner at this moment. 1 share with the 
United Kingdom in the view of the first IMRAMN, irtiich said an 
accurate, long range aid has not the priority, the indispensa- 
bility, of the medium and the short distance aids, but I believe 
that the long distance aids that will be provided will prove them- 
selves, as the short distance aids have done, to be a very valuable 
contribution to the economics of marine navigation. 

The United Kingdom holds to the view that the marine user will 
have to depend on the long distance aids that are provided primar- 
ily for the air user. We await, anxiously, the decision of our 
air bodies. We operate, for the mcnnent, on the Interim statement 
made by PICAO, which gives a qualified blessing to the continued 
and extended use in the period while we are seeking more general 
agreement on the systems that are typified by Standard Loran and 
by Consol. 

I would call special attention to the faqt that PICAO, however, 
regretfully did not recoianend a universal faith in one or the other 


35 



of these. It recommended that there should be a continuation and 
extension within the limits of the need and of practicability of 
services of several kinds, including direction finding services, 
the Consol services, and the Standard Loran sei^ice. PICAO looked 
forward to the fulfillment of the relatively high premise of LF 
Loran, but again it*s looking forward through a low visibility 
area in which the figures desired are obscured alike. 

We cannot come to a decision on LF Loran without more numerical 
data than we have had. So far as we can see qualitatively, LF 
Loran has no overwhelming advantage to the mariner over Standard 
Loranj but for the air navigator it may well have the overwhelming 
advantage that the coverage over land areas is very much superior 
to that given by the standard system, and some measure of advantage 
will accrue to the marine as to the air user. 

Of the other possible systems, the possible extensions of the Decca 
system, for example, some of the systems which Commodore Webster has 
spoken of, I will at this moment say nothing. I ydll continue my 
pursuit of figures by saying that in that pursuit we associate our- 
selves very closely with the remarks of the /.ssistant Secretary of 
State, in which he indicated that there should not be any inhibi- 
tion of progress toward better systems of development, of promising 
systems, in the interests of universal standardization on ein immedi- 
ate and moderately good system. 

We believe profo\mdly in standardization but in standardization 
only on minimum performance. We would regret any decision which 
greatly discouraged the development of potentially better systems. 

We should equally regret any failure to agree that v.e should use 
the things now 'at our disposal in the interests of rehabilitation 
of the world, which depends so largely on immediate marine naviga- 
tion, We accept, with qualifications. Admiral Rose's statement 
that Providence has put limits on the advantages we can derive 
from technical aids. It is a firm part of the United Kingdom 
policy not to meet Providence half way in the acceptance of these 
limitations. We propose to have a pretty stiff tussle with Provi- 
dence about the setting of the limit which Providence may have 
in^osed. 

In the medium range field we find ourselves in the closest agree- 
ment with the admirable and comprehensive appreciation of the medixim 
freqxiency direction finding case, in relation to mobile stations, 
which has been presented by our old friend, Mr. Busignies. If I 
may speak personally, I accept another of Admiral Rose's statements 
with a special interpretation. I believe that the new navigational 
aids will supplement the old ones, and particularly MF/DF, but I 
accept the statement ip much the same sense as I accept the state- 
ment that steam has supplemented sail. 
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We in the United Kingdom, as a matter of national policy, believe 
that the old advantages of the MF/DF ifill be required for a very 
considerable number of years, and we have no intention of making 
any dramatic or catastrophic cut in the MF/DF facilities, which 
on the thin analogy I have used, represent the continuity of sail 
from Ulysses to Admiral Mansfield; but we believe that the corres- 
ponding progression from Fulton to Commodore Manning is one which 
will take an increasingly prominent share and that the MF/DF 
service, while it must be maintained for a period which I have 
already suggested looks like being 10 or perhaps 20 years, should 
not be extended and improved in that period. We do not regard it 
as likely to occupy a really prominent place in the succeeding 
years • 

For the shore-based direction finder, I would throw in one comment, 
only, on Admiral Rose’s ccnunent on shore-based systems. We agree 
about its far too easy saturability. The well chosen shore site 
for a direction finding station is a far more favorable site for 
precision measurements than anything that can be obtained on ship- 
board. Vte mustn't throw away that basic advantage of the shore- 
based direction finder. 

On short range aids, on shipboard in particular, we are in complete, 
universal, unanimous agreement, but it is only a limited agreement. 
It is an agreement that we must have, that everywhere ships should 
have a ship-borne radar set. We believe we have to go further. 
Again, we feel that there should be no standardization which would 
prevent improvement. We believe that there should be standardize- , 
tion which would prevent, either voluntarily or by strong persua- 
sion, the continuance of the use in marine service, of ship-borne 
PPI systems which no longer live up to the standards of our peace- 
time requirements. And the United Kingdom is giving, and repeats, 
a very clear and earnest plea of its seriousness on this point. 

The two sets, of which we have said some 260 are in our Navy now, 
were on V-J Day very advanced over ship-bome radar sets. Today, 
on Mexico Day, they are an obsolete set. And it is our most earnest 
and \xrgent intention to withdraw from service these obsolete sets 
the moment commercial supplies of the peacetime, better models 
become available in adequate quantity. We shall be doing a grave 
disservice to the future ship-bome service of radar if we toler- 
ate the continued use of sets in our Merchant Navy which no longer 
fulfill the requirements which we have recognized and specified. 

We go further — ^we face the certainty, and I think I am not over- 
stating when I say the certainty, that we shall require a certifi- 
cation service. It may be a voluntary certification sei*vlce, it 
may be nothing better than the corresponding case to the sticker 
of the Good Housekeeping Institute, but we ought to have a 
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certification nhich relates a certain type of equipment to the 
minimum standards of performance on vdiich we have all agreed. 

We repeat that we see ourselves compelled to visualize an inspec- 
tion sez^ice to Insure continued conformity with the maintenance of 
the type of certified performance. We visualize, as we did at the 
first IMRAliN, compulsoiy carriage as a natural development in oxo* 
radar policy. We do not regard it as an immediate necessity, as 
immediately desirable, as immediately possible. We believe that 
in a comparatively smkLl nxunber of years we shall all find our- 
selves Carrie dto the point where compulsory carriage will be a 
part of our international policy. 

Looking at radar aids in the sense in which that phrase has been 
used, I believe, for the first time to many of us in the proceed- 
ings of this conference, I would donate a remark that it would be 
usefxil if some of us could find an alternative phrase to put in 
place of the phrase "radar aids'* when they are applied to aids to 
radar operation. We have, in the past, talked of radar aids to 
navigation. What are now in the present papers being called radar 
aids, are radar aids to these radar aids. It is a very important 
classification. It will be a good thing to find an unambiguous 
word for it. 

I cannot mention in ten words the importance which thd United King- 
dom attaches to the projects which are typified by our impending 
Liverpool installation described in a paper which will be made 
available but which will not be read here. Nor can I speak— I 
have already exceeded ny time limit— at any length on communica- 
tion. I would, however, like to say again that we believe very 
strongly in the necessity for a universal availability of VHF or 
the frequency channel allocated through the appropriate interna- 
tional machineiy. 

What is the practical application of my demand for moi% figxires, 
technical and economic? I believe it is this: that within the 
New London meeting, or as an immediate consequence of the New 
London meeting, we should, I was going to say, follow PICAO. I 
don't know that I wish to put it in that form. We should do at 
least as well as PICAO in the appointment of a highly expert, 
international group, a subcommission wbose value would rest very 
largely in its informality, to put down generally agreed figures 
about the perfonnance of the systems we have been discussing, 
roughly agreed orders of the magnitude of the economic cost of 
these systems over a large area, because I would refer to the 
example of MF/DF as a case where LOO radio beacons, no one of 
them expensive, may be veiy considerable—UOO times the small 
quantity turning into a big quantity. 
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I would say^ and in this I speak without comndtraent for the United 
Kingdom Government, but I am sure I am supported by hqt Government 
and oy Delegation in this matter, that it would be an invaluable 
consequence of our New London discussion if we could, at an early 
date, merge with tabulated agreed figures on the kind of performancej 
the kind of acciiracy, the kind of coverage expressed in figures, 
and 1 insist on the figures, of the systems we have discussed, and 
of what they are going to cost us, so that administrations and 
mariners may decide what they are prepared to pay in good currency 
for known, numerical performances. 


AFTERNOON SESSION , FRIDAY , MAY 2, 19U7 

Ihr, W. N. KREBS (US) presented IMURAN Document No. 36, "The Safety 
at Sea Aspects of Telecommunications as Reflected by Marine Radio 
Navigational Aids”. This paper described the importance of a com- 
plete marine system of international telecomnunicatlons for obtain- 
ing, exchanging, and disseminating messages concerning navigation 
and safety at sea. Attention was drawn to the widespread need for 
transmitting and receiving navigational data in relation to a 
variety of nautical operations. 

Certain undesirable aspects of the existing maritime radio situa- 
tion were discussed and the need for constructive measures through 
international cooperation was stressed. The substantial progress 
already made in necessary world-wide standardization of aviation 
telecommunications facilities was observed and the advantages to 
shipping in similarly resolving its international telecommunica- 
tions problems were suggested. 

The maritime radio interests were urged to cooperate as an interna- 
tional group, including the establishment of appropriate lieiison 
with aviation on problems of common interest, in a way to assure 
organized world-wide progress in efficient frequency spectrum 
utilization and technical standardization in accordance with the 
latest advances of science. 

Mr. O'NEILL (UK) thanked the speaker for his paper and stated 
that its main thesis, the need for sticking together, had the whole- 
hearted support of the United Kingdom. He said that it was with 
this end in view that the United Kingddm Ministry of Transport had 
circulated its proposals for marine frequency allocations to the 
principal maritime nations and that much useful comment had been 
derived from the recipients of these proposals. He asked Ur. 
STANESBY (UK) to tell the Meeting some of the action the United 
Kingdom had actually taken toward standardization. 

Ur* STANESBY (UK) c<mimented that we are all agreed on the need for 
standardization, and that the standardization of the marine 
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communication frequencies would be a great step along that road. 

The United Kingdom had recently formulated a series of minimum 
performance specifications for radar, communication, and other 
aids-to-aaavigation equipment, which would be issued in the course, 
of the meeting. 

The next paper, IMMRAN Document No, 37 (French Paper No, 1), "Stand- 
ardization of Ship-Shore Telephone Communications at the Entrance 
of Harbors", was presented by Mr. LORANCHET (Prance), Taking cog- 
nizance of the need for standard facilities for the exchange of 
information between ships and harbor authorities, the paper proposed 
that two frequencies separated ty 5 mc/s in the 156-166 mc/s band 
be allocated for this purpose and that this proposal be conveyed to 
the International Telecommunications Conference. 

Mr. STANESBY (UK) commented that the United Kingdcan was in general 
agreement with the foregoing paper. He added that the United 
Kingdom did not propose to limit the use of the two frequencies 
proposed to traffic between ships and shore-based radar stations 
but to use the frequencies for all general harbor and port-control 
purposes. He agreed that a separation of frequencies is desirable, 
suggesting that this separation be h mc/s. 

The Chairman delivered his summary speech, which is included ver- 
batim below (This address was originally listed as IMMRAN Document 
No. 36 (revised).): 

Dr, EVERITT: As Chaiman of the Meeting I would like to summarize 
the salient points that have been developed. In this summary I 
will not necessarily take the items up in the order of their pre- 
sentation but will cover my interpretation of the general thoughts 
and conclusions which have appeared during the week. I would like 
to emphasize that I am not a Government worker nor a member of the 
American Delegation but merely a professor of electrical engineer- 
ing science. Tlie viewpoint which I give here is entirely my otvti 
and has no necessary relation to the United States policy. In fact, 
in order to maintain as impartial a view as possible, I have 
refrained from attending the meetings of the United States Delega- 
tion, and I have not checked my talk this afternoon with that group. 

Before my discussion I would like also to emphasize that my primary 
forte is the assessment of technical and operational developments 
rather than the problems cf economics and politics, so that I may 
err on the one side or the other through not taking appropriate 
consideration of the latter items into account, 

I think it is apparent from the discussions v/e have had throughout 
the week that the technical progress in marine aids to navigation 
is far ahead of the operational applications. It is our problem 
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to facilitate these operational applications as rapidly as possible. 
Normally the development and introduction of new services occupies 
a considerable length of time. However, we have had a recent exam- 
ple of what can be done if the necessity is sufficiently great, 
because many of these devices have been developed and put into wide 
operatiaial use during the recent war. This week we have heard of 
many devices. Next week you will have an opportunity to see some 
of them in operation. 

Others, of course, especially those of foreign development, will 
not be available. But the problem we must face in the future is 
the exploitaticai of these and other devices which may be needed. 

I think the point that was emphasized most generally during the 
week is the desire for standardization wherever possible. We have 
had reiterated assurances by both the United States and the United 
Kingdom, the pirincipal sources of the devices that have been 
described, that full technical details of manufacturing processes 
will be made available to all, but I recognize realistically that 
does not necessarily solve the entire problem. New aids do not 
make old ones obsolete. An improvement in navigation, I think, is 
necessarily a series of successive approximations rather than the 
achievement of the perfect at some given time. 

There is need for standardization because, as a ship sails the 
seven seas, it is highly desirable that she shall find her aids 
available, the aids to which she is accustomed, in strange waters. 

In fact, danger is greatest in strange waters and it is there that 
the need for aids to navigation is most acute. 

It has also been emphasized by a member of the United States Fed- 
eral Communications Commission, who is an expert in allocation mat- 
ters) speaking not only for the United States but, I think, stating 
a well recognized fact, that the frequency allocation problem neces- 
sarily will limit the number of aids. We have seen a few of the 
aids that have been actually developed, we have heard of new aids 
that are propose^. Since the ingenuity of man is \mbounded, more 
and more aids will \mdoubtedly be presented in the future. There 
is, however, a finite density which can be assigned to the use of 
these aids in the frequency spectreun. 

I noted in the general agreement obtained at the first IlOIRAN con- 
ference that there are three distinct problems. These have again 
been reiterated by all groups that have been represented on the 
platform. These three items are: firstly, the short-range or 
pilotage water navigational problem} secondly, the problem of 
medium-range or coastal waters; and, thirdly, navigation at long 
range or during ocean passage. I will take up in turn a discus- 
sion of where it appears to me that agreement and disagreement has 
occurred or is indicated in each of these three areas. 
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I think there is no doubt but that there is tiniversal agreement 
that radar is an important navigational aid for the pilotage prob- 
lem and should be adopted as quickly as possible j also that radar 
gives important additional information to prevent collision and can 
be used in all areas where ships sail. There is no commcsi agree- 
ment on the radar frequency which is most desirable. The United 
Kingdom seems to have decided definitely on 3 cm., whereas there 
is essentially disagreement within the United States as to whether 
3 cm. or 10 cm. is most desirable. The group which is operating 
on the Great Lakes, where they have been able to obtain greater 
coordination through a very close-knit shipping association and 
where they have also employed a specific consulting engineering 
firm, has reached rather definite conclusions in favor of 3 cm. 

We note that the primary difficulty in this decision is the oppos- 
ing effect of two separate factors: on the one hand the need of 
high discrimination in which 3 cm. is superior, and on the other 
a somewhat more xmknown situation involving reflection from rain 
and from sea return in which 10 cm. seems to be more satisfactory. 
There is a thought here, of course, that the 10 cm. problem of 
discrimination can possibly be achieved by the use of larger anten- 
nas. That is, the set could be so designed to achieve, with 10 cm., 
the same discriminaticn as with 3> provided the structural prob- 
lems involved with the use of larger arrtemas can be surmounted. 

That may be a very serious exception. On the other hand, the prob- 
lem of reflection from rain and ice crystals in the air is one that 
is beyond the control of man except by the proper selection of the 
frequency. It would seem to indicate that at least we should have 
more information obtained over larger sections of the glove in 
order finally to decide this problem. 

Fortunately, in the radar problem the necessity of standai^ization 
of frequencies in the immediate future does not seem to be too 
great, and time is available for the use of operational research. 
This, of course, will probably hold up the development of the 
active type of beacon, idiich is frequency sensitive, because such 
beacons should be available to practically all radar sets and 
would require definite standardization unless we are going to 
have duplication of effort and duplication of cost. On the other 
hand, it would be ny opinion that the early development of the 
passive repeater or comer reflector should be pushed with the 
greatest emphasis. It is probable that final decisions on the 
use of active repeaters must wait upon information and experience 
obtained in the development of the passive repeaters which are 
cheaper and which are not so frequency sensitive. It would seem 
that, because of this development which still needs to be consid- 
ered, it is not unwise to retain at least 2 and possibly 3 fre- 
quency bands for development in the immediate future. 
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Again, from the limited knowledge I have of the problem of frequency 
aseignment, it would seem as though several bands are quite possible 
in the microwave regions, because, in terms of frequency assignment 
that region is not as yet congested, such reservations could prob- 
ably be secured. At a later time, if a final settlement is made, 
undoubtedly other services will have developed which will very 
effectively use any bands which might be vacated. 

Another point idiich has been emphasized by a number of people is 
that radar will pay for itself through a saving of time, if for no 
other z*eason, so it is highly questionable as to whether a cheap 
radar would be indicated if such cheap radar means the sacrifice 
of the facilities for pilotage in congested waters. The purchaser 
of such cheap radar would only be saving money in one payment at a 
much greater expense in others. This, of course, does not apply 
to pleasure craft, where funds available are limited and where no 
direct economic iwlation can be shown between time saved and cost 
of installation. 

It has also been mentioned by & number of speakers that economies 
in insurance rates should be hoped for in the future but that we 
cannot expect these immediately until the underwlrters have had a 
chance to obtain statistical information upon the actual statistical 
results in terms of safety of property at sea. 

It was mentioned that radar should be operated by the ship's navi- 
gation officer in order to obtain the greatest effective use of 
this aid. In fact, in general, any operation which can be secured 
by the navigation officer removes one intermediary and therefoi*e, 
gives more rapid, useful data and allows immediate action result-^ 
ing therefrom. 

There has been a discussion of the matter of licensing and it would 
seem that the United Kingdom has gene further in regulating radar 
with a view to licensing than has been true in the United States. 

The United States specifications carry primarily the weight of the 
approval of the Radio Manufacturing Association in this country, 
trtiich has standardized the specifications £ind has done important 
component standardization in this field. Essentially, in the United 
States, the selection is left to the individual company to decide 
which radar they wish to purchase. The specifications are practic- 
ally the same in both covintries. However, it has been recommended 
here that standardization is desirable, not only from the standpoint 
of frequency operation, but also so that officers and components 
and maintenance facilities can be interchanged in all aiwas of the 
globe. 

I think we cane, however, in the short range area, to one basic 
diffei^nce in recommendations between the United States and the 
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United Kingdom. The United Kingdom essentially believes that an 
additional aid is needed for short distance purposes and proposes 
Decca, The United States, on the other hand, appears to believe 
that no additional aid is needed, provided active or passive 
beacons can be used as well. Decca appears to be an extremely 
accurate device, but we recognize that it needs lane identifica- 
tion and we are promised that such lane identification will be 
available* 

I think that it is recognized that the development of adequate 
lane Identification is essential or the mariner may be in the 
situation of a flea who can tell which hair he is on but not 
which dog. 

Decca involves Integration which required knowledge of a definite 
starting point, and the United States Delegation seems to question 
the difficulties of using this integration when it is necessary 
to enter the system from outside the area covered by the Decca 
^stera. Since this integration must be continuous, it seems appai>- 
ent that an independent power supply would be required, starting 
with the prime mover itself, and continuing through the complete 
power system. I note also that it has a mechanical interpretation 
of the signal intermediate between the equipment and the visual 
presentation. 

I think it will be recognized that, in general, visual presentation 
of data is somewhat superior to aural presentation, but it must be 
recognized that, if this involves’ the operation of relays or other 
discriminating devices, noise is an important factor at times when 
the signal to noise ratio is insufficient. 

Coming next to the medium range, 1 think the major point of dif- 
ference at the present time— and I am pointing out the differences 
as I, personally, see them — is that the United Kingdom essentially 
urges Decca and believes that medium frequency direction finding, 
if not obsolete, is at least so obsolescent that its early demise 
m£y be expected. 

On the other hand, it appears that the United States still believes 
in direction finding. As an indication of that, they are going to 
ask for an increase in the band, from the present 30-kc. width to 
a UO-kc, width, at the forthcoming ccnference. It has also been 
eii 5 )hasized by sane that MF/DF is not completely on its last legs 
because new developments should be considered, and examples of 
some new developments were presented. 

Developments in the veiy hi^ freqxiency range may also be important. 
One factor which I think all engineers recognize as inherent in the 
D/F system is that it suffers from the fact that the reading is 
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taken under minimum signal conditions, and, therefore, the signal 
to noise ratio drops at the critical point, the noise rising at 
the instant of observation. This inherently gives us a certain 
indeterminancy ithich required interpretation. 

Cathode ray presentation of the signals of either D/F or other 
methods would seem to offer improvement because it is inherently 
easier to interpret and detect inaccuracies idienever there is a 
visual presentation in the form of a cathode ray indication. There 
is a great deal of information in a cathode ray presentation, most 
of which is not used in times of good signals, but idiich can be 
interpreted by experienced observers when the signal to noise t, 
ratio is poor. This, it would seem, has not been s\ifficiently 
explored nor has sufficient quantitative data been secured about 
it. 

The large number of present installations of UF/DF indicates doubt 
of the early decease that has been predicted or that beacons should 
be abandoned. Above all, we recognize that small boats will need 
D/F for a long time becavise of the inherent cheapness of that type 
of observation. 

In connection with the discussion between the various interpreta- 
tions of the medium frequency problem, and also the long range 
problem, it might be well, however, to recognize that there is an 
inherent improved accxiracy when we measure distance, or difference 
in distance, as compared to when we measure angle. That is, 
inherently those devices which belong to the hyperbolic group are 
more accurate than those that use angular measurements. In this 
respect Decca seems to have a decided advantage over D/F. The 
problem is, of course, that a final decision must be reached, 
taking into acco\mt both the technical advantages and the costs. 

VIhen we come to long range, there seems to be a variation of opin- 
ion as to the importance of long range navigation — ^varying, I 
would say, from an attitude of coolness to warmnoss — not, how- 
ever, going as far as a cold reception in any case. 

I note particularly that in the Ihited States, the spokesman for 
the National Federation of American Shipping does not seem to 
agree with the skipper of the leading United States ship as to 
the importance of long range navigation. Commodore Manning, as 
an operational officer, emphasized vei^^ definitely the inqsortance 
of long range navigational aids. In fact, in his very enthusiasm, 

I think perhaps you may recognize the reason for some of the dif- 
ficulties which confront us. A skipper nho is presented with new 
radio devices frequently becomes so enthusiastic about the par- 
ticular device that he is using that he is sure it is the only 
device that should be considered and that all others Inherently 
must be poorer. 
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I think, therefore, we should observe with a certain amotmt of 
caution the reconmendations of skippers who have had experience 
with a limited number of devices. People generally do not want 
what they have never had, but after they have it they are sure 
that it is a necessity rather than a cc»ivenience or luxury. 

In the long range field I think we should recognize the importance 
of early decisicm on standardization for marine radio aids if we 
wish to have an important voice in their final determination, 
because it was recognized by all who s^ke that the long range 
navigation system must be common to aviation and marine applica* 
tlon. 

Existing disagreements in the air leave an opportunity for the 
surface goers to make up their minds and have an Important voice 
in the final deterndnaticn. If such an agreement cannot be 
obtained between the several national groups who are interested 
in marine iiavlgation, 1 feel s\ire that the final determination 
will be obtained without their advice or perhaps even their cog- 
nizance . 

Long range navigation necessarily should have wide area coverage* 

It is quite important that the installations themselves be world- 
wide, or they will be greatly restricted in their applicability. 

Here we come again to a difference of opinion between two groups. 

We note that the United Kingdom urges the Consol system. The big 
advantages of the Consol system, as I observe it, are the narrow 
band width which is used and the fact that only a communication 
receiver is necessary, involving, therefore, a simple installation 
that can be used by ships of all sizes. The operation Involves a 
problem of counting and has ambiguity which must be resolved, so 
that it must be supplemented by direction finding in order to 
locate a pairtlcular lane* 

Like D/F, Consol Involves a minimum signal determination at the 
point of most Important reading and has a\rral presentation. How- 
ever, unlike D/F, it does not require calibration of the ship 
Inst^lation, which is certainly an important improvement. 

We note that operational research on the Consol reports that the 
Consol compares favorably in accuracy with celestial navigation. 

Ncmr, as opposed to the prlmaiy support of the United Kingdom for 
Consol, the United States proposes the Loran system. As one of 
their major arguments they point out that it has been tested by 
operatlcxial experience in a nundcer of installations running into 
the thousands, that it has been installed over qviite a large por- 
tion of the Northern Hemisphere, and that it has the advantages of 
a pulse system, of cathode ray presentation, and of hyperbolic eystem. 
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Ihe advantage of the pulse and cathode ragr S 7 stem is particularly 
important ehen ycu come to long range because Icxig range altrays 
involves the problem of sky vraves, as has been mentioned. It has 
also been mentioned that, if ue do not have the desired accuracy 
at a given time, it is next most important to have a situatlc«i 
mhere it can be recognized that such inaccuracies exist. In pre- 
sentation of the data on a cathode ray oscilloscope, the additlonEil 
information is available that the reflections are changing, because 
one can recognize the characteristics of reflections from the iono- 
sphere to quite a large extent when observing the shape of the 
pulses. 

It has been pointed out that Loran offers a very good possibility 
for extension to low or very high frequencies, using practically 
the same equipment on the ship and Involving only the addition of 
a converter. Loran has the disadvantage that a wider band is used, 
but this is overcone to quite an extent by the fact that it uses 
time division. Time division in any communication or navigation 
system makes possible the transmission of additional information 
in the same band width as the single pulse. This is acconqplished 
in Loran by using a large number of stations on the same carrier 
frequency, with different pulse frequencies, so that the signals 
from different pairs of stations can be separated. 

It has been mentioned that Interference has been observed on Loran 
stations, and it would appear that this is very similar to that 
experienced with some of the early Clf stations, especially those 
that were engineered in a hurry. The interference problem is simr- 
ilar to that of key clicks. This problem has been solved by 
improved circuits, and the new Loran equipment occupies a nairower 
spectrum. 

The newer Loran Installations have a wider variety of pulse rates, 
increased power in the transmitter; and in the receiver the use of 
mechanical counters and dual presentation has been developed. 

Many new systems were proposed today in the summary papers by both 
the United States and the United Kingdom representatives, indicat- 
ing to us the fact that we must always expect new systems to be 
proposed and that, therefore, we will have to consider primarily 
the operational results of existing systems in order to secure 
standardization, as we shall always be anticipating the ideal sys- 
tem. 

In other papers, we have had an emphasis on the importance of the 
Importance of the radio telephone as an ally to all other aids. 
There is agreement between the United States and the United King- 
dCHB representative on the necessity of a VHF band of approximately 
10 mc8 in width in the neighborhood of 180 mcs. There appears to 
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be a necessity for studying the particular problems of small boats, 
because naturally the emphasis of commercial Interests Is applied 
first to applications to the larger ships. If we remember the 
large niimber of small ships, we must not pass them by in consider- 
ing either standardization or their needs. It would appear that 
the nxunbers of these boats is sufficient to justify extensive 
development and operational study. 

If I might, in sunnary, point out primarily the disagreements, I 
think the United States emphasizes that they wish to utilize the 
experience of aids that have been in actual operational use for 
some time, particularly in terms of war experience, and which, 
therefore, irtiile new to the shipping interests, are old in an 
operational application; while the United Kingdom recommends the 
addition of some devices which have indication of great accuracy 
or simplicily but where questions of operational experience still 
must be raised. It must be recognized, however, that we cannot 
refrain from using new devices just because they are new. If that 
were the case we would indeed be in a sorry situation. 

These disagreements involve, for short range, the question of using 
radar with beacons, as advocated by the United States, or using 
Decca, as advocated by the United Kingdom; for medium range, the 
use primarily of MF/DF, as recommended by the United States, or the 
use of Decca, as recommended by the United Kingdom. 

It would appear to me that the United States has not offered suf- 
ficient engineering data as to the relative inaccuracies of MF/DF, 
Observing the situation from this platform, I believe I must bow 
to the United Kingdom representatives as offering more complete 
data in their comparison between some of these devices and the 
recognition of the limitations in a quantitative manner, a respect 
for numbers idiich has appeared to me to be lacking in the case of 
some of the United States papers. 

In the long range field, we have essentially Loran, recommended l^y 
the United States, and Consol, lecommended by the United Kingdom, 
Loran is recommended ly the United Kingdom as a secondary device, 
and (xie of their papers points out the disadvantages of Loran. 

There does not appear to have been any ccmiparable discussions from 
the United States as to why they do not consider the Consol system 
advisable . 

There appears to be some slight difference in the operational 
requirements of the United States and the United Kingdom as observed 
in the United States .policy presented on the first day and the United 
Kingdan policy as presented by Captain RavenhiU. The United States 
policy was copied word for word frcsn paragraph 7*19 in the agreement 
of the general summarization of Volume 1 of the First BOIAUN Meeting; 
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irhereas there Is some slight deviation from this in the table 
Tihich was presented by Captain Ravenhill. I think it would bo 
well to do what Sir Robert suggested this morning and see if we 
cannot start with a definite table at a future meeting and resolve 
these diffeirences or see if such differences exist. The slight 
differences that do exist are someidiat modified in the text of 
Captain Ravenhill 's paper. This problem involves whether toler- 
ances should be presented in the table itself, that is, the 
ranges which are permissible, or whether they should be in an 
appended discussion. It m£^ be that, if we cannot resolve our 
differences in a meeting like this, we do not have sufficient 
information and need operational research on an international 
level. 

It must be recognized that operational research is especially 
needed where performance involves equipment plus people, and that 
is decidedly the situation here. I want to echo Sir Robert's plea 
for figures. It has also been a hobby of mine for many years. I 
believe that, without quantitative data, decisions are apt to be 
mere guesses. Operational research, if performed, must be com- 
pletely objective. It should preferably not be conducted by the 
advocates of either side, if such a situation can possibly be 
obtained. Not only must the investigators be impartial, but they 
must be recognized as impartial by those who are to use their 
findings. 

It was recommended by Sir Robert that an international group 
should put down the figures on performance and cost and other 
items and merge the tabvilated figures. I believe that such a 
group might also very well emerge with a proposal for such opera- 
tional research as may be needed to determine the requirements, 
if we cannot reach an agreement in the course of this meeting. 

Incidentally, I bro\ight out of my own file this morning a report 
which I am going to have distributed to you, which developed out 
of an operational research project in the Signal Corps. It was 
started in the Signal Corps during the war and it has been contin- 
ued by the Central Radio Propagation Laboratory to Artiom a ntunber 
of the original group transferred following the war. Ibis group 
is associated with the National Bureau of Standards of the United 
States. The paper is CSiPL-l;-l on the "Comparative Accuracy of 
Various Existing and Proposed Navigational Systems." It involves 
only a theoretical stu^y of these systems j however, this has been 
followed by a preliminary stuc^y of the LF Loran by actxial opera- 
tional research data. I think it indicates a possible way in 
which actual accuracy can be evaluated. 

Since, I believe, there is definite agreement that we ought to 
get together and emerge eventually with specific recommendations. 
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I propose the establishment of an immediate international steer- 
ing committee and irLsh to propose specific names * - 1 recognize 
that there is a problem in selecting a list and I have selected 
this one with a certain distribution in mind. They are not 
intended to represent their countries as such but to help us get 
together and create an agenda from nAiich the conference itself can 
emerge with reconmendations. Such a Steering Committee must be 
quite small in order to accomplish the desired results in the time 
available. 

I nDuld like this committee to help me in preparing the agenda for 
Thursday and Fxdday. I propose that this committee meet initially 
on the ship going to New London at three o'clock Sunday afternoon. 
The proposed comnlttee is De Albuquerque GulUobel of Brazil, Ur. 
Fraser of Canada, Mr. ifei of China, Mr. Hauptmann-Andersen of 
Denmaric, Mr. Loranchet of France, Lieutenant Soubassakos of Greece j 
Mr. van Anroqy of the Netherlands, Mr. O’Neill of the United King- 
dom, Mr. Baev of the Union of Soviet Socialist Republics, and Ur* 
Webster of the United States Delegation. 

If any of you have specific suggestions as to points that should 
be covered on this agenda, I would be glad to have you convey 
them to me or any member of this committee. If any member of 
this committee does not feel that he can serve, I would appreci- 
ate it if he would see me Inmediately after the Meeting. 

I would appreciate your cooperation in getting the agenda ready, 
so that we may be sure that nothing of interest is omitted. It 
will be expected that> if we forget certain items on the agenda, 
the members will be free to bring them up in the Meeting as well 
as give us any suggestions coming to us in advance. 

Thank you, gentlemen, for the cooperation you have given this 
week. 

The Chairman then presented Congressman FRED H. BRADLEY, Chairman 
of the Merchant Marine and Fisheries Committee of the House of 
Representatives, whose remarks follow. 

Congressman BRADLEY: Mr. Chairman and Gentlemen, I bring you the 
good wishes of the Congress of the Uhited States. I am sorry that 
not more of us were able to get away from the House of Representa- 
tives today, but several of my colleagues will Join me tonight. 

We had hoped to have about 16 members of the 25'*iiian Committee on 
Merchant Marine and Fisheries present. 

Yesterday I had five different subcommltteea meeting simultaneously, 
taking testimony on various things that are of great importance to 
you, to the -Hmerican Merchant Marine, and to American and interna- 
tional fisheries, as well. 
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The Congrese is In session and I am hopeful that by Smiday several 
more members of the ccMomittee Trill Join us and^ certainly, some of 
o^3r advisers, because ure are intensely interested, as you all are, 
in this international program of radio aids to navigation. 

It is a great pleasure to be with you and I'm sorry we couldn't be 
here all weekj but as Congress is in session, our first duty is 
there. It is a great pleasure to greet you on behalf of the 
Congress of the United States, and I am glad to see so much intex*- 
est in this very important problem. 

Commissioner WEBSTER (US) thanked the Chairman for his summary and 
for his conduct of the sessions during the week. Sir ROBERT 
WA.TSON-WA.TT (UK) Joined in the Commissioner's remarks on behalf of 
the visiting delegates. This concluded the formal sessions at Now 
York. 
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CHAPTER III 


PRACTICAL DEMONSTRATIONS OF AMERICAN EQUIPMENT 


On Sattirday^ May 3> 19h7t the delegates visited the United States 
Maritime Commission Training Facilities at Kings Pointy Long 
Island, and at Sheepshead Bay. 

On Sunday, May U, 19U7, the scene of IMMRAN was transferred to New 
London, Conxiecticut. The majority of the delegates made the trip 
aboard the United States MairLtiroe Commission Ship AMERICAN SAILOR, 
one of the demonstration ships. A few went aboard the Coast Gxiard 
Cutter CAMPBELL; others, by special bus and train. 

The first 3 days in New London, May 5-7, inclusive, were devoted 
to demonstrations of the various American equipments aboard vessels 
operating in the vicinity of New London. The demonstration ships 
participating were the AMEHIGAN SAILOR, the Coast Gucird Cutter 
CAMPBELL, the United States Coast and Geodetic Survey Ship LYDONIA, 
and the Sperry Gyroscope Company’s motor yacht WANDERER. The dele- 
gates were divided into three groups, each group spending one day 
on each of the first vessels mentioned and the third day aboard one 
of the latter two ships, depending upon Yrtiich of these they most 
prefenred to visit. 

The AMERICAN SAILOR was the primary radar demonstration ship. Five 
American manufacturing companies. General Electric, Raytheon, Radio- 
marine Corporation, Sperry, auid Westinghouse, had installed their 
commercial radar sets aboard the ship especially for these demon- 
strations. Three of these radars operated on a 3--cra. and two on 
10-cm. wavelengths. This gave the delegates a good opportunity 
for side-by-side comparisons of the principal commercial radars of 
the United States. In addition, a comer reflector had been 
installed on a navigational buoy and one Ramart equipment was set 
up on the shore. 

The United States Coast Guard Cutter CAMPBELL was equipped with 
several additional Loran receiving equipments made ly the Sperry 
Gyroscope Company and the Radiomarine Corporation of America and 
one prototype equipment of the Philco Corporation. Special charts 
were provided, and each delegate was allowed to use the equipment 
p^ersonally. 

The United States Coast and Geodetic Survey Ship LYDONIA demon- 
strated the Shoran equipment used for hydrographic survey work. 

The Sp)erry Gyroscope Company's motor yacht WANDERER, which is 
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equipped ivltb practically all the electronic aids to navigation 
manufactured by that comp>any, demonstrated all the ^bove-mentloned 
aids except Shoran^ as well as their gyroscope and fathometer. 

Photographs relating to the demonstrations and a chart of the area 
in which they were held follow. 
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Trihedral radar corner reflector of the type demonstrated at Hew londoa, 
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CHAPTER IV 


HEW LONDON SESSIONS: TECHNICAL DISCUSSIONS 


The foz*mal discussion sessions opened at the United States Coast 
Guard Acadenor, New London, Connecticut, on the morning of Thursday, 
May 8, 191:7. 

The Chairman presented Rear Admiral JAMES A PINE, Superintendent 
of the United States Coast Guard Acadeny, who officially welcomed 
the delegates to the Acadeny. The text of this address is included 
below: 

Rear Admiral PINE: Mr. Chairuan and Delegates to the International 
Meeting on Marine Radio Aids to Navigation, I am very glad to wel- 
come you to the closing sessions of your meeting at the Acadeny 
and hope that we may be able to continue the good weather that 
seems to have come to us this morning. I wovtld like to pay tribute 
to the member of the Secretariat, whoever he is, who has furnished 
the weather for your meetings. I think that the weather conditions 
during the tests when you went out on the ships were perhaps as 
severe a test of the things that you wished to see in connection 
with the cruises that covild have been furnished, and I hope that 
that member of the Secretariat will continue his favorable weather 
for the rest of the sessions. 

Mark Twain, who was a Connecticut Yankee, although he started out 
by being a Mississippi River pilot, once said of New England weather 
that people talked about it a good deal but that no one seemed to 
do aiything about it, 1 think that your staff here has done some- 
thing about the weather and I hope they keep up the good work. 

In welcoming you here after almost 2 weeks of work, I feel that an 
appropriate salutation might be the Hawaiian word "aloha", which 
implies not only greetings but affection and the hope of a future 
meeting. And so I would like to leave the thought with you that 
we are very glad to have you here and that we hope that we may have 
the pleasure of yovir compaiy some time in the future. 

The development of radio aids to navigation is, of course, a very 
live subject with the Coast Guard. We are interested in all phases 
of safety and secxirity at sea and we realize the complexity and the 
difficulty of securing that very desirable end. The development 
of many marine radio aids to navigation came during the war, and 
because of that fact the general public knew very little about them 
until comparatively recently. 
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It is important that the general public should be informed of the 
importance of radio aids to navigation in the general picture of 
safety at sea. It is quite possible that, without having witnessed 
all the miracles that came out of the war, they may feel that 
safety at sea may be obtained by blowing horns and banging on tin 
pans in the same way that the ancients thought that they might 
avert eclipses of the sun. It is important, not only for those who 
are technically responsible for these developments, but for the gov- 
ernments, as well, that the public should realize the importance 
of informing people regarding the developments along the lines that 
you gentlemen are experts in. Otherwise, I am afraid that the feel- 
ing of the public might possibly be similar to the man who observed 
the operations of a lighthouse and said, "Lighthouse no good, light 
he shine, foghorn he blow, bell he ring, fog come in Just the same," 

Lieutenant Commander L. E. BRUISER (US) briefly summarized the 
results of the demonstrations of the preceding 3 days. He announced 
that a complete display of Loran shore station equipment and shore- 
based radiobeacon equipment was set up in the conference building. 

The delegates were cordially invited to visit this display. 

The Chairman indicated he had been given a number of questions hy 
the various delegations, which he would present in order. 

The first question was from the Delegation of Portugal: ••With 
regard to radar and Loran installations aboard ships, besides the 
cost of the equipment, what may be expected relative to the dura- 
tion and costs of components for replacements, i.e., magnetrons, 
klystrons, cathode ray tubes, TR switches, etc,?" 

Lieutenant Commander McNALLY (US) said that the current prices of 
these components were not at all indicative of what the costs would 
be when radar becomes a well established device in the maritime 
services. Current prices for cathode ray tubes were about $25 J 
for magnetrons, about $100. However, all these prices might be 
expected to decrease when quantity production and more standardiza- 
tion take place, 

Mr, CURTIS (US) concurred in the opinion that prices of components 
would decrease when quantity production became possible. He cited 
cases of several radar equipments which had operated between 2500 
and 3500 hours without the replacement of magnetron, local oscil- 
lator, TR tubes, or cathode ray tubes. He believed that, in general, 
these special tubes had life expectancies of at least 1000 hours, 
and that this figure covild be expected to increase as experience is 
gained. 

Sir ROBERT YiATSON-WATT (UK) added that the United Kingdom situation 
as regards maniifacturing arrangements and the like is so closely 
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special grounding precautions, and, in general, a combination of 
all the devices together might possibly result in reduction of the 
interaction. 

Captain HARDING (US) stated that interference to the Loran receiver- 
indicator vas not normally a serious problem, provided the normal 
precautions of keeping a reasonable separation between antennas and 
using filters in the power supply lines were observed. He stated 
that he had obseirved the simultaneous operation of Loran and com- 
munication equipment in the restricted space of a trans-Atlantic 
aircraft and that no difficulty was encountered. 

The next question, submitted by the Portuguese Delegation, was: 

”In case any aid other than radar is adopted to replace UjyDF for 
short- and medium-range navigation, what types of equipment might 
be used to find at sea a ship, aircraft, or lifeboat sending out 
distress calls out of the range of radar?” This question was 
accompanied by a statement frcan the Delegation of Portugal that 
they believed that MF/DF is still, and will continue to be, a valu- 
able aid to navigation and to rescue at sea. 

Sir ROBERT YiATSON-MTT (UK) replied that he did not believe the 
question to be one of urgency, as the shipbome direction finder 
would continue in use for many more years, particularly in its 
search and rescue application. 

The Chairman then opened the meeting for other questions which 
might have been left pending from the New York sessions. 

Mr. MAi'ISON (Union of South Africa) asked what were the best and 
worst accuracies that can be achieved with Shoran equipment. 

Lieutenant Commander BURMISTER (US) replied that an attempt was 
made to hold the error within an area having a diameter of 25 feet. 
At 50 mil es offshore this is of the first order of triangulation. 

The equipment was believed to be capable of producing an error of 
25 feet from the true position. This figure had been arrived at 
by considering personal error, permanent equipment error, and two 
transient equipment errors, and assuming all these factors to be 
cumulative, llie fact that some of these four variables will nor- 
mally be compensatory would tend to keep the error within this 
outer limit. The foregoing errors apply to those of a single line 
of position; the final positional error is necessarily affected by 
the angle of intersection of the two lines, being least at 90 
degrees and increasing as the angle decreases. 

Sir ROBERT V^TSON-YiATT (UK) stated that the United Kingdom, through 
its experience with the "Oboe" system, was not convinced that accur- 
acies of the order given by Lieutenant Commander BURMISTER were 



attainable under nomal operating conditions, for the reason that 
the velocity of propagation is not knovn to the accToracy suggested 
by the figure of 25 feet in $0 miles. He stated that the velocity 
of propagation is knoiwi to one part in ten-to-the-fourth-poner but 
not in one part in ten-to-the-fifth-power. This involved two con- 
siderations: the normal velocity and the average velocity over a 
particular territory involving the eccentricity of the earth's 
surface. There is a variable part of the velocity due to the 
effects of the lower atmosphere, not ionospheric, not due to reflec- 
tion affections, but to the reflective index of the air near the 
earth's surface. For these reasons, the United Kingdom was some- 
idiat cautious in supporting or accepting statements to the marine 
surveyor that he may reasonably count on accuracies of the order 
of 25 feet in measvirements over 50 ~inile distances. 

Lieutenant Commander BUKUISTER (US) replied that there were factors 
which produced variations in velocity, barometric pressure differ- 
ences being one of the greatest. Ti/hile the velocity of piropagation 
is not known to within 10 miles per second, the distances at which 
Shoran is used are such that this factor does not introduce prohibi- 
tive error. He did not agree with the statement of uncei^:ainty and 
variation of the velocity of propagation and stated that this could 
not easily be calculated. 

Lieutenant SOUBASSAKOS (Greece) asked if numerous islands and high 
coastline, such as are found in Greek waters, would introduce 
adverse effects on the Decca system, due to variations in propaga- 
tion velocity or reduction of range through signal attenuation. 

Ur, ROSS (UK) replied that no reduction in range would be anticipated 
under such conditions, aa the signal strength is normally adequate 
at ranges considerably in excess of the 300'^le limit. He believed 
there would probably be some variations in velocity due to the tei*- 
rain but did not believe these important for normal navigation. 

There have been noted small systematic deviations in the English 
Decca Chain, on the order of iiO to 50 yards, which may be due to 
this factor. He stated that in any electronic survey system, the 
accuracy may be improved by establishing a monitor station in order 
to make allowances for small systematic deviations. 

Captain FENNESSY (UK) added that observations on the English Decca 
Chain, in areas with mountains intemrening in the signal path, 
namely along the Welsh Coast, the southern part of Norway, and in 
the south of France, had not revealed any perceptible errors due to 
this factor. 

Mr. WANG (China) asked concerning the results of the tests of the 
Shoran equipment on land. He also wished to know the cost of a 
complete Shoran system. 
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Lieutenant Cammander BURMISTER (US) replied that, while he had 
not personally pairbicipated in Shorsm measurements over land, 
there had been tests conducted in the vicinity of Denver, Colorado, 
in which lines as long as 310 statute miles had been measured, 
using an aircraft and five ground stations. The altitude of the 
aircraft was measured by the electronic altimeter and the Shoran 
distances z*educsd to map distances through rather complicated 
fonsvilae. The lengths of the lines measured were known geodetic- 
ally by first-order triangiilation to one part in 2^,000, In 
almost all cases the Shoran distances were in agreement to better 
than one part in 10,000, the acc\iracy of second-order triangula- 
tion, and, in many cases, were better than one part in 20,000. 

Since that time the equipment had been modified somewhat, but he 
had no figures of results since the modification. In general, 
Shoran had been found to be a very practical method for rapidly 
extending geodetic control into areas which had never been s\ir- 
veyed and in which the highest accuracy is not required, since 
Shoran measurements compare favorably with second-order triangu- 
lation and, in many cases, approach the accuracy of first-order 
triangulation. 

He believed the cost of a single Shoran system, consisting of two 
groimd stations and one ship station, to be in the vicinity of 
$35,000 but stated that this figure might be in error by as much 
as 50$. 

The Chairman next presented Dr. FREDERICK H. SANDERS (Canada), 
who made the following statement with regard to the RJQy266 radar 
sets -idiich had been installed on Canadian merchant ships. 

Dr* SANDERS (Canada): As you undoubtedly know, the RXF/268 is a 
3“Cm. shipbome radar which we of the Canadian National Research 
Council developed for the British Admiralty and which was manu- 
factured by Research Enterprises Limited, Toronto, during the war 
years. Of the 1600 sets manufactured, approximately half were 
delivered to the United Kingdom before the close of hostilities 
and the* balance remained in Canada. Sir Robert Watson-Watt has 
stated that approximately 260 of these sets have been installed 
on British ships pending the production of a suitable commercial 
set to supersede them. In Canada approximately the same policy is 
being followed, and to date 120 or so equipi»nts have been 
installed on merchant ships. A large number of reports on their 
performance have been received from the various shipping ccmpanles 
using those equipments, and all have been extremely favorable. 

The Canadian Qovei'nment has been supplying these sets on a rental 
basis for specified periods. This is an interim measure to intro- 
duce radio aids and to provide Canadian ships with this service 
until sqch time as they can be replaced by a commercial set of 
proved aeinriceability and sufficiently improved perfomance. 
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The statement has been made that the RXF/268 is an obsolete set. 

We quite agree; from the developmental point of view, it is prob- 
ably trxie that any newly developed equipment is obsolete before 
it is produced — but it is a matter of degree only. The RXF/268 
set was designed for naval use. Its construction is, accordingly, 
considerably more rugged and of probably higher quality than that 
which would normally be called for in a commeircial set for civil 
use. Since it was designed to fill a naval function, the set, as 
produced at the factory, has certain characteristics which might 
be considered as limiting its usefulness for civil navigation. 

The most outstanding of these is the miirimum range. Since the 
decision to install these sets on merchant craft, however, certain 
modifications have been developed and, in marry cases, are now 
installed in the Canadian sets. For example, the circuits have 
been revised to give a guaranteed minimum range of 100 yards. Two 
other ciiaracteristics which may be desired for merchant marine use 
are the incorporation of "swept gain" and an inter-connection with 
the compass to give true heading rather than ship's heading. The 
"swept gain" modification is available and can be fitted, if 
requested, though we do not consider this an essential require- 
ment. The compass stabilization is a more involved mechanical 
modification but, again, can be supplied if required. 

The points which I have indicated above apply to the RXF/268 sets 
remaining in Canada, V.'ith these modifications, we are confident 
that the RXF/268 sets will meet all the important requirements of 
any present merchant marine specification, and, in actual fact, the 
set will give the performance claimed for most existing post-war 
marine radars. Tiie set was built to very exacting specifications 
under the "eagle eye" of representatives of the British Admiralty 
and of the Inspection Board of the United Kingdom and Canada, ^y 
commercial standards the equipment is probably considerably "over- 
engineered", and for that reason its performance has proved to be 
exceptionally reliable . 

Before closing, I should like to read the following technicsil 
report from our Marine Radar section, •»dilch summarizes in a little 
more detail the modifications which are sailable to existing RXF/268 
sets: 


"The most impoirtant modification has been the reduction of 
minimxun range to 100 yards. This has been accomplished by a 
very minor change in' the A.F.C. and Gain Control circuits 
that requires only about two hours work on the part of a 
service man. The original poor minimum range of 200-odd 
yards iras due to momen'tary instability of the local oscil- 
lator immediately after the transmitted pulse. The modifica- 
tions have now stabilized the local oscillator frequency and 
all echoes can be followed right into the ground pulse for 
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the reqiilred lOOyard minlmiua. Several sets have also been 
tested with a modified piilse line for 1/h microsecond which 
gives a minimum range of 50 yards. No definite request from 
purchasers has been received for this modification, and only 
laboratory models have been modified. This involves slightly 
more expense and probably induces the mAxi mum range slightly* 
There is considerable improvement in range discrimlnatlcn. 

■Several ships requiring remote tum-on have had this feature 
added. It is relatively simple, consisting essentially of a 
time delay relay in the high voltage circuits of the modulator. 
Remote gain control has also been incorporated in special 
cases, as well as remote range selection, both of which are 
very simple and can be modified by any service man, if it is 
so desired. Swept gain circuits have been developed, but we 
do not agree that this feature is as essential as it is made 
out to be." 


TABLE 

Characteristics of Type 268 Radar 



War Time Model 

Modified Model 

l^pe of Presentation* 

Continuous PPI 

Continuous PPI 

Operating Frequency 

9320-9500 

9320-9500 

Input Power to Radar Set 

1 KW 

1 KW 

Total Drain on Ship Supply 

1.6 KW 

1.6 KW 

Peak Power Output 

30 KW 

30 KW 

Pulse Repetition Rate 

500 

500 

Pulse Length 

0.75 microsecond 

0.75 microsecond 

Mlnlmiim Range 

UOO yards 

Less than 100 yards 

Maximum Range 

30 miles 

30 miles 

Antenna Speed 

22 R.P.M. 

22 R.P.M. 

Bearing Resolution 

3 degrees 

1.5 degrees 

Range Resolution 

Antenna Beam Width 

150 yards 

150 yards 

Horizontal 

3 degrees 

1.5 degrees 

Vertical 

17 degrees 

17 degrees 


Captain ALCANTARA (Argentina) asked If axiy other radar systems had 
been used extensively for geodetic survey work. 

Captain FSNNESSI (UK) said that the Decca system, while falling 
under the heading of radio rather than radar, had been applied to 
geodetic survey. Ihe Admiralty was using it at the moment, and the 
Danish Government proposed to exploit It for the hydrogz'sp^c sur- 
vey of Western Greenland. The D^ca system claimed an accuracy of 


65 



about 20 maters at 50 to 75 miles, and about UO meters at 100 
miles, though these figuz*e6 were vezy general and subject to 
variations due to system geometry* 

lieutenant Commander BURMISTER (US) stated that another device, 
known as "radist", was being tested in the United States, but he 
did not have a great deal of information on it. Ihe equipment 
is small and it should be practical for short lines up to 25 or 
30 miles* 

Sir ROBERT TIATSON-IATT (UK) stated that it was extremely diffi- 
cult to give a fair picture of the performance of electronic aids 
in the cooqplex applications of geodetic survey within the limits 
of the lUURilN discussions but that the United Kingdom would be 
glad to make available considered written statements on this sub- 
ject, either in the International News Letter or as a part of the 
IMURAN documentation* 

Lieutenant Commander McNAILY (US) added that radar was being used 
for survey work on the continentcG. shelf but that for this purpose 
accuracies on the order of ICX) yards were acceptable. He felt 
that this operational reqtilrement could be met effectively by the 
use of suitably located comer reflectors* 

Ur* CURTIS (US) added that in the application quoted by Lieutenant 
Commander UcHALLY recent reports indicated that accuracies on the 
order of 15 yards were being obtained over areas 6 or 7 miles 
square. Be said that the United States Amy Engineers were engaged 
in experiments with shore-based radar at short ranges for the con- 
duct of channel surveys and dredging operations* 

Ur* HORTON (UK) asked if the direction finder demonstrated on the 
Coast Guard Cutter CAMPBELL (the Navy type DAK) were available 
for merchant ship use and if the performance of the equipment dur- 
ing the recent demonstrations were typical or exceptionally good* 

Lieutenant Commander OTTINQER (US) replied that this particular 
direction finder with its cathode ray presentation was a naval 
equipment and he believed it to be probably too coaq>lex for normal 
merchant marine use. He felt that instrumental and operator's 
errors were considerably less with this equipment than those made 
with the aural null-type direction finder* 

Ur* GIRARD (US) added that the lessons learned in the manufacture 
and use of the instantaneous-indicating type of direction finder 
had indicated that it would be of great value for ccmuaerclal 
service* He said there were no plans for the development or pro- 
duction of the DAK equipment commercially xmless a demand for it 
arose, as he believed that for merchant marine purposes the same 
result could be obtained in a less CGnq>lex manner* 
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Ur* MVID (fVance) asked if the cathode ray presentation afforded 
improved resiilts during night effect. 

Mr* GIRARD (US) replied that the cathode ray presentation did not 
eliminate the night effect but that it did enable the observer to 
recognize when night effect Is occurring. Mr. ROSS (UK) concurred 
In this statement. 

Mr* HANG (China) asked if , now that the delegates had had aui oppor- 
tunity to see the United States commercial radars, the United King- 
dom could make available descriptions and specifications for the 
commercial radars manufactured in the United Kingdom for the bene- 
fit of the delegates who had not attended the London IMRAMN* 

Sir ROBERT 1 IIlATS 0N<^TT (UK) replied that the United Kingdom would 
be glad to publish a supplement to the International News Letter 
containing the type of information Ur* WANG requested* He said 
it would be helpful if delegates would indicate the type of informa- 
tion desired and that efforts would be made to provide it* 

Mr* MANSON (Uaion of South Africa) asked if the United States was 
proceeding with the development or production of a chart comparison 
unit. 

Lieutenant Commander UcNALLI (US) replied that the Navy had a 
development on it, and Mr* ISBISTER (US) said that the manufac- 
turers wez« considering it and making plans for it but that there 
had been, as yet, no great demand for a chart comparison unit* 

At this point the Meeting turned to the consideration of the Con- 
clusions, Recommendations, and Views of IMMRAN, which appear in 
the following chapter. However, at the end of that discussion 
another technical question was raised, which is Included here for 
convenience* 

Mr. MANSON (Tbilon of South Africa) requested information concern- 
ing the use of radar for harbor surveillance* 

Captain TAXES (UK) Indicated that co^^>lete information on this sub- 
ject could be found in IMMRAN Document No. $2 (U. K. Paper No. 13) 
and briefly discussed the highlights of tills paper* 

Captain HARDING (US) stated that the United States had conducted, 
and was continuing to conduct, several tests of radar for this pur- 
pose, using both and 10-cm* radars, but that the results of these 
tests had not yet been compiled. Indicatljig that most United States 
channels are sufficiently well-buoyed to allow the ship's radar to 
suffice for channel passage, he stated that the problem was more 
one of effective communication control than of guiding ships up 
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channels and that any system of communications control must be 
universal. He said that tests of VHF D/F and VHF commvinication 
were also in progress in this connection. 

Commander BURCHELL (Canada) stated that the Canadian Navy operated 
harbor control radar for 5 years on the east coasts of Canada and 
Newfoundland and that> in many Instances, it had been Instrumental 
in allowing ships to be warned in time to avert disaster. The 
Canadian National Research Council was at present carrying out 
extensive trials on this subject at the approaches of Halifax har- 
bor, and it was fully cognizant of the use to which some aspects 
of Teleran and GCA could be put to increase the efficiency of har- 
bor radar. Ihe policy has been to give information to the ships, 
but the responsibility for acting upon that information rested 
with the master of the ship. The Canadian Navy, as a result of 
its experiences with harbor control radar, was absolutely cmvinced 
of its value, and it would be its policy to carry on this work in 
the future. 
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CHAPTER V 


CONCLUSIONS, RECOMMENDATIONS, AND VIEWS ADOPTED 
BY THE MEETING 


COMMITTEES 


At the close of the New York Sessions it had beccnne evident that 
an international committee or conuaittees would be required to 
draft the proposals for the conclusions, recommendations, and 
vidws of the Meeting and to reconcile any divergences in national 
viewpoints which existed. Accordingly, the Chairman appointed a 
Steering Committee for this purpose, which was made up of the fol- 
lowing persons: 

Dr. William L. Everitt, Chairman 
Mr. A. N. Fraser, Canada 

Lieutenant Commander Jose Paulo De Albuquerque Guillobel, 
Brazil 

Captain J. Hauptmann-Andersen, Denmark 

Mr. M. Loranchet, France 

Mr. Denis O’Neill, United Kingdom 

Commander K. P, Ryzhkov, Union of Soviet Socialist Republics 

Lieutenant Georges Soubassakos, Greece 

Mr. A. J. W. van Anrooy, Netherlands 

Ccanmodore E. M. Webster, United States 

Mr. W. H. T. Wei, China 

The Steering Committee appointed three subcommittees, as follows: 
Committee A, on all matters pertaining to radar: 

Mr. M. Loranchet, France ( Chairman) 

Mr. A. V. Dubinin, Union of Soviet Socialist Republics 

Mr. W. L. Haney, Canada 

Mr. C. E. Horton, United Kingdcnn 

Lieutenant Commander I. L. McNally, United States 

Committee B, to coordinate problems Involving position-fixing sys- 
tems other than radar: 

Mr. Denis O’Neill, United Kingdom 
Commissioner E. M. Webster, United States 
(No chairman designated) 
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CooBlttee C, to prepare resolutions on all items not covered 
Coimnittees k and 6t 

Captain J. Hauptmann*Andersen, Denmark (Chairman) 

Captain W, H. Coombs, United Kingdom 

Ur* W. A. F. Llebert, Netherlands 

Captain H. C. Moore, United States 

Commander Gilbert V. Parmiter, United Kingdom 

Mr* Edvard C. Phillips, United States (Secretary) 

Commander K* P. Ryzhkov, Union of Soviet Socialist Republics 
Lieutenant Georges Soubassakos, Greece 
Mr> H. Stanesby, United Kingdom 

To facilitate their work, the size of the ooamdttees was purpose^ 
small. All delegates mere invited to submit any proposals th^ 
vlshed to the appropriate committees. 

Imomucb as the delegates were not assembled vith plenipotentiary 
posers, the Conclusions, Beoonmendatlons, and Vlevs adopted b7 the 
IU(RAN are of an advisory nature and do not represent definite com- 
mitments on the parts of the States represented. 

After discussions in full session, idiich occupied the major por- 
tion of the final 2 days of IMURAN, May 8 and 9, the folloving 
Conclusions, Recommendations, and Views sere adopted. 

CONCLUSIONS . RECOMUENDATIONS . AND VIEWS 

Preamble 


The International Meeting on Marine Radio Aids to Navigation, con- 
sisting of the representatives of the States listed below, having 
assembled in accordance with the invitation of the Government of 
the United States of America for the purpose of familiarising 
themselves with achievements in the field of marine radio aids to 
navigation, and desiring to assist the respective govenunents in 
their individual study and evaluation of the existing radio systems 
for marine navigational aids and in making such decisions as these 
governments laay consider neoessaxy, adopted the following conolu- 
sions, recommendations, and views at its final meeting, held on 
May 9, 19h7* 


Argentina 

Denmark 

Mexico 

Union of South Africa 

Australia 

Ecuador 

Netherlands 

Union of Soviet Soolal- 

Belgium 

Finland 

New Zealand 

ist Republics 

Brasil 

fVance 

Norway 

Uhlted Kingdom 

Canada 

Greece 

Poland 

United States 

Chile 

India 

Portugal 

Uruguay 

China 

Iran 

Slam 

Venesuela 

Colombia 

Italy 

Seeden 

Jugoslavia 
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Position Fixing Systems 


1* Recomnended that development and adoption of equipment and 
systems for marine navigation should be guided by the following 
table of desired accuracies and available times for determination 
of position in relation to the approximate distances off shore 
and/or depths of water under the keel* 


Function 

General order 
of depth of 
water 

Distance 
from near- 
est (lunger 

Order of 
accuracy 
required 

Order of time 
available to 
obtain position 

Aid to 
ocean 
naviga- 
tion 

Over 100 
fathoms 

Over 50 
miles 

/ 1 per- 
cent of 
distance 
from 
danger 

15 minutes 

Aid to 
approach- 
ing 

coastal 
naviga- 
tion and 
port 
approach 

20-100 

fathoms 

Between 50 
miles and 

3 miles 

t V2 

i^Lle to 
/ 200 
yards 

5 minutes to 
1/2 minute 

Aid to 
harbor 
entrance 

Op to 20 
fathoms 

Less than 

3 miles 

t ^0 

yards 

Instantaneous 
position and 
track required 


The above recoornMndation is subject to the proviso that each area 
has its special characteristics and its own problems, which must 
receive special consideration within the general framework of the 
accuracies indicated above, and that, in evaluating specific sys- 
tems for operational use, cognizance should be taken of other 
important factors such as proved reliability, search and rescue 
requirements, economic considerations, etc* 

2* Concluded that a position fixing system is required for safe 
entxy into the zone at idiich radar becomes effective, bearing in 
mind that the extent of such a zone varies with the adequacy of 
the radar targets available* 
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Short Dietftnce Categoxy ( Radar ) 


1. Coacluded that high resolution*^ shipbome radar with ancillary 
devices, having suitable and approved minimum performance capabili- 
ties and operated ty qualified personnel. Is a device having wide 
applicability to maritime use for anti-collision, pilotage, above- 
water obstacle detection, and general position fixing within range 
of suitable fixed radar targets, either natviral or artificial 
(active and passive). 

2. Concluded that a shipbome radar with reduced performance 
requirements and generally understood to be an anti-collision radar 
against large ships is completely inadequate for the fvill require- 
ments for position fixing and navigation in coastal and pilotage 
waters. 

3* (a) Concluded that a universal performance specification for 

shipbome radar is an essential prerequisite of the com- 
pulsory carrying of equipment by certain classes of ships, 

(b) Concluded that early action to make the fitting of radar 
compulsory is not contemplated; this question can be more 
appropriately examined at a later date. 

(c) It is therefore recommended that basic minimum standards, 
so framed that they will not hamper the developers, be 
laid down. 

U. Reconmiended that the administrations of the countries in 
which these apparatus are manufactured should consider the possi- 
bility of issuing specifications serving as a temporary guide for 
the industry and the purchasers of these apparatus. 


* A high resolution radar will have, among other characteidstlcs, 
the following: 

(a) Minimum range. Provide display of a target down to a 
minlmvmi range of 100 yards. 

(b) Bearing resolution. Provide display, as two distinct 
indications, of targets at the same range separated by 
not more than 3° in azimuth. 

(c) Range resolution, fhrovide display, as two distinct indi- 
cations, on the shortest range scale of targets on the 
same azimuth separated by 100 yards in range. 
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5* Concluded that a sloQ^le and reliable overall perfoznance 
monitor is an essential requirement* 

6* It Is strongly reconmended that a suitable device be devel- 
oped to provide accurate and positive Identification bjr radar of 
navigational markers, dangers, and shore features* It Is particu- 
larly recommended that reflectors should be Installed on selected 
navigational markers In order to facilitate the differentiation of 
those maxicers from other echoes, including sea return* 

a solution to the problem of increasing the 
of small vessels Is of Immediate Importance 
and that the stu4y of the conditions under idilch such Increased 
echoing efficiencies should be reqxiired on small vessels should be 
undertaken. Should such study prove successful. It would become 
desirable that the Conference for Safety of Life at Sea consider 
the use of such a device* 

8* Concluded that a chart comparison unit Is a desirable but 
not essential auxiliary device* 

9* Reconansnded that the Administrations of the various countries 
should, sap^r^tely and independently, examine the question of the 
qualifications reqxilred of personnel ceirtlflcated or licensed to 
operate or maintain shipbome radar equipment* 

10* Recommended that the question of charts for use with radar 
be coordinated with the chart requirements for other navigational 
aids* 

11* Concluded that shore-based radar has many possible applica- 
tions to maritime usage and operational trials should continue* 

12* It Is the opinion of the meeting that the time has not yet 
come for world standardlzatlcm restricting shipbome radar to a 
single frequency band. It Is desirable that operational trials c<m- 
tinue with shipbome radar operating in the range between 3,000 and 
10,000 mc/s. 

13* Concluded that a true bearing display is vexy desirable but 
not Indispensable * 

Short and Medium Distance Category 

1* Concluded that the system of UF/DF and associated radlobea- 
cons, aiibough It may not fully satisfy the requirements set out 
in the table referred to in iwcommendatlon 1 of Position Fixing 
Systems, can continue to fulfill a useful function in makliig land- 
fall and In coastal navigation and for search and rescue requirements* 


7* Concluded that 
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The aystem should be periodically revieifed in comparison adth the 
then existing needs of the marine user in regard to coastal areas 


2* Concluded that the existing systems of radiobeacons provided 
for use in conjunction vith shipbome UF/DF should be maintained 
tiniversally at a standard not below that at pzesent provided and 
that in certain areas, notably those ahere such oystems are estab> 
lished, they should be inqproved and expanded. 

3* Concluded that Dscca, provided that it continues to give 
operation^ Mtisfacticn and that the application of lane identi- 
fication proves effective, appears to provide a position fixing 
system of an accuracy which meets the mariner's requirements and 
therefore should be improved and expanded in regions where the 
nations concerned consider It desirable. 

Long Distance Category 

1. Concluded that a long range navigational aid, while desirable 
for cez*tain marine services, cannot be regarded as having the same 
priority as medium distance navigational aids. The long range aid 
requirements of aviation are the more pressing, but in determining 
the most appropriate long range aeronautical aid it will be to the 
mutual advantage of both air and marine Interests if due weight is 
given by the former to the relative advantages of the different 
long range aid systems from the marine point of view. 

2. Concluded that if the effective coverage area of a system 
be taken as tliat within which the system gives a usable signal to 
noise ratio. Standard Loran gives higher accuracy within Its effec- 
tive coverage area than does Consol within its lairger effective 
coverage area. There, as a long range navigation system. Standard 
Loran should be continued and improved and should be erpanded 
wherever it can Jointly serve both marine and aviation to mutual 
advantage, with the agreement of the nations concerned. 

Oeneral 

1. BecoBMsnded that participating delegations should coennunlcate 
to their national delegations to the International Telecoomninica- 
tlons Conference these conclusions on the operational and technical 
merits of the systems reviewed above, it being understood that 
these very important frequency requirements for radio aids to mar- 
ine navigation must be considered by the foirthcomlng International 
Telecomaunlcatlons Conference in relation to other pressing dsnaods 
on an already over-crowded spectrum. 

2. Becosasended that, in view of the Isportance of radio aids 
to safe marine navigation, adequate provision should be made to 
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meet the reqairementa of mariners at the forthcoming International 
Ihlecommunlcatlona Conference. 

3. Recommended thatyfor the purpose of making information avail- 
able to the uaer upon request and to have such information avail- 
able for an appropriate future international conference or organiza- 
tion, an international standing committee be set up comprising 
scientific experts to obtain and coordinate numerical data on the 
perfozmance of various radio navigational aids and that, if a future 
appropriate international body should establish an organization 
appropriate for the continuance of such woric, the functions and 
data accumulated by the standing committee should be absorbed by 
such international organization. 

The Meeting therefore invites the Governments of the United States 
and the United Kingdom Jointly to study the means of Implementing 
the above recommendations . 

1;. Recommended that each administration undertake or continue 
studies and analyses and prepare proposed minimum standards for 
radio aids to navigation equipment other than radar. 

5 . Recomnended that each Ackninlstration ensure the institution 
of an adequate pe rsonnel training program for efficient operation 
and maintenance of radio aids to navigaticsi equipment. 

6. Ihe Meeting is of the opinion that it is desirable that the 
tolerhnce of components and the design of equipment should be such 
that idien components are interchanged no realignments become neces- 
sary vhich would require 8p>eclal apparatus of skilled personnel. 

7. This Meeting is of the opinion that it is desirable that 
arrangements be made to staiuiardize the dimensions and electrical 
characteristics of the main coiip<ments (such as magnetrons, local 
oscillators, eiystals, tubes, transformers, etc.). 

8. It is the opinion of the Meeting that VHF radio telephony 
will provide the maritime service with a valuable means of naviga- 
tional communication for ship to ship and ship to shore, within the 
range allowed by the choice of frequency. 

Requirements of the maritime service for harbor control of shipping, 
safety, distz^ss, and navigational communications on rivers and 
lakes as well as on the coasts of the various countries suggest 
that at least one two-way circuit in the 150-160 megacycle region 
shoTJLld be adopted as standard. There should also be international 
standardization respecting the type of modulation to be employed 
and the characteristics thereof. 
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If it proves desirable to standardize on two frequencies for this 
purpose, consideration should be given to the possibility of sep- 
arating them by some difference, such as 5 me. 

It is therefore recommended that international agreement should be 
secured on the allocation of frequencies for at least one two-way 
communication circuit and that, if possible, further allocations 
should be agreed internationally for a second such circuit, should 
the first prove to be insufficient in the vicinity of l60 mcs.* 

Recomnended that each country establish appropriate machinery 
to coordinate air and marine interests so that delegates to inter- 
national meetings on either marine or air radio aids may speak 
with the interests of both in mind. 

10* This Meeting is of the opinion that no monopolistic prac- 
tices should prevent any country from manufacturing radio aids to 
navigation that have been agreed internationally as of proved value 
to the mariner, 

CONTROVERSIAL POINTS 

Ihe procedure followed in the Meeting was such as to allow the 
adoption of only those Concliisions, Recommendations, and Views on 
idiich complete unanimity of opinion prevailed. The sole exception 
to this rule is the recorded minority dissent of the Union of Sov- 
iet Socialist Republics Delegation on the question of VHP radio 
telephony. Under such a procedure, no resolutions concerning 
questions on which there were widespread differences of opinion 


* The Union of Soviet Socialist Republics Delegation did not fully 
support item 8 and requested that the following statement be 
appended to indicate the scope of disagreement and support: 

"The Delegation of the U.S.S.R. considers that VHP radio tele- 
phone communication systems are Important only as local naviga- 
tional aids and do not have international significance at the 
present time. Therefore, the Delegation of the U.S.S.R. con- 
siders that the time has not ceme yet to accept any detailed 
recommendation on this matter and feels that the resolution 
should contain only the following statement: 

"'It is the opinion of the meeting that VHP radio tele- 
phone will provide the maritime service with a valuable 
means of navigational communication for ship to ship and 
ship to shore within the range allowed ty the choice of 
frequency, ' " 


76 



appear in the final exclusions, HeconsDendatixs, and Views of 
lUURAN. For this reason the following paragraphs attempt to show 
the major points of discussion on which no final statements were 
adopted and to show the divergences of opinion on points where com- 
promise agreements were reached. 

The subject on which there was probably the greatest controversy 
was that of type-certification of radar and other radio aids to 
navigation. Committee C first submitted the following recommenda- 
tion for the consideration of the Meeting: 

"It is recomnended that the Adanlnlst rations of the countries 
in which radar is manufactured should issue, when required, 
type approval certificates indicating that the equipment type 
complies with the prescribed speclflcatloa as determined by 
official type test approval." 

Committee A submitted the following similar proposal with respect 
to aids to navlgatix other than radar: 

"It is recommended that type approval of radio aids to marine 
navigation and the Inspection and licensing of individual 
installations is essential." 

In both Instances the United States Delegation dissented with the 
proposals, and both were referred to their committees fer further 
consideration and an attempt to ai*rive at a compromise proposal. 

The two committees Jointly considered the problem and proposed the 
following resolution, which comblxMd the two separate recommenda- 
tions but did not alter the essence of either: 

"It is recommended that the administrations of the countries 
in which radar and other radio aids to navigation are manu- 
factxired should issue, when required, type approval certifi- 
cates indicating that the equipment type complies with the 
prescribed specification as determined by official type test 
approval." 

Again, the United States dissented and, having been requested ear- 
lier to stibmit their reasons for dissent, submitted the following 
statement: 

"The United States Delegation dissents because we feel that 
government type-approval certification, at this time, would 
not guarantee to the purcliaser that lie was receiving a com- 
pletely adequate and reliable equipment. ^ feel that the 
development of maritime shipbome radar systems has not reached 
the advanced state where the manufacturer and the mariiMr can 
set up exact requirements. Cemunercial radar is only a few 
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months old, and already we have learned many valuable les- 
sons. The government is not qualified, at present, to deter- 
mine performance specificaticms which would be used to cei^ 
tify that a given type of radar meets the mariner's require- 
ments. The quality of product demonstrated to you in the 
past week should assure the purchaser that our ^stem of 
free enterprise in competition will result in the best and 
most reliable equipment possible for the mariner, incorporat- 
ing exactly Tiiiat he desires and not just barely meeting a set 
of government requirements. If at some future date action is 
taken to make the fitting of radar compulsory, the government 
could not invoke any specifications other than the standard 
that it required today. If it did, it would condemn all 
equipment previously guaranteed, ttereby destroying confidence 
in all future approval it might guarantee. Improvement and 
development wotild not be as rapid or beneficial to the mariner 
because industry could standardize on the cheapest set idiich 
met the requirements which were laid dovn before we knew what 
the requirements were. Do you think, if we exercised govern- 
ment control over the depth finder in its early stages of 
development, that we would have a device possessing such a 
high stage of perfection today that it is as much a part of 
the ship as the engines? Demonstrated performance, service, 
reliability, guarantee, and good reputation, not to be jeopard- 
ized by an inferior product, are much more difficult to estab- 
lish and earn than a certificate indicating government type- 
approval. " 

The United Kingdom had steadfastly supported the original form of 
the resolutions on this subject. Their position is shown by the 
following words of Sir ROBERT MTSON-mTTs 

"We in the United Kingdom take a much more kindly view of the 
influence which government can have in improving standards by 
type approval of the kind which can be pegged up as the art 
progresses. lAe do not believe that type approval has valid- 
ity for a long time. Vife are perfectly prepared to revise our 
standard to fit good practice. We see no administrative dif- 
ficulty in permitting the continued use of previously type- 
approved devices for a period after type-proven standards 
have gone up." 

Since the Coomittees had failed to resolve the essential differ- 
ence in viewpoints, the matter was put to the vote of the Meeting. 
Argentina, Australia, Brazil, Canada, Chile, France, India, New 
Zealand, Norway, Poland, Portugal, Siam, Union of South Africa, 

Union of Soviet Socialist Republics, the United Kingdom, Uruguay, 
and Yugoslavia favored the final resolution as proposed by the C^- 
mittees. 
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China, Denmark, Finland, Greece, Iran, Italy, Mexico, the Nether- 
lands, Sireden, the United States, and Venezuela opposed the recom- 
mendation. 

Aiter some discussion it mas agreed that the lack of xmanimity pre- 
cluded the adoption of the reccmunendation, or any other recommenda- 
tion on the subject, by the Meeting. 

There iifas also dissension to a conclusion that a true bearing dis- 
play on radar equipment vras not essential. The United Kingdom, 
supported by representatives of Denmaric, Portugal, and the Nether- 
lands, contended that a true bearing display is essentialj while 
the United States and France felt that it was not necessarily 
essential but more a matter of individual choice and suitability 
for specific operations. The proponents of this viewpoint argued 
that standardization on true bearing indication alone might force 
unwanted standardization upon cexrtain ship operators for wnom the 
relative display is better suitad. There was a general feeling 
that both true and relative displays each have a definite scope of 
preferability, depending upon individual circumstances. This con- 
troversy was finally resolved by rephrasing the conclusion to state 
that true bearing indication is very desirable but not indispensable. 

The IMion of Soviet Socialist Republics did not fully support the 
opinion of the Meeting concerning VHP radio telephony. The scope 
of their dissent and support is indicated in the Conclusions, 
Recommendations, and Views. 

STATEMENT OF Tffi NETHERUNDS EEIEGitTlON 

The Netherlands Delegation introduced the following statement for 
inclusion in the proceedings: 

"The accuracy required for approaching and coastal navigation 
(50 to 3 miles) is stated in the Conclusion under Position 
Fixing 5ys terns as one-half mile to 200 yards. 

'nUTe fully agree with this recommended accuracy but should 
like to draw attention to the fact that, as far as regards 
shoals and other dangers to navigation lying out of sight 
from land, the charted position of such dangers is not always 
accurate to within one-half mile. 

"So, in several cases it will be necessary that new hydro- 
graphic surveys be undertaken with a standard of accuracy 
sufficient to meet the requirements mentioned in the Conclu- 
sion and possible future requirements. 
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"Such new svarveys, hydrographic as well as aerial, at present 
and in the future will make use of position-fixing systems of 
high precision. 

’’So we make the following statements: 

"I* It is recommended that such steps be iindertaken by 
the ^j’^drographic Departments of all countries concerned 
that nautical charts be sufficiently accurate to meet 
the requirements in the Conclusion, 

•*2. It is recommended that operation trials with pre- 
cision position-fixing systems, sxiitable for all kinds 
of survey work, be continued, •• 
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CHAPTER VI 


CLOSING SESSION 


Chairman: We come to the final session, and again I irlll try to 
summarize the accomplishments that we have achieved during this 
week. I think that the committees who have met and have worked 
so hard during the week have made the real accomplishments, for 
irtiich we are all very grateful. 

Last week I attempted In itQr summary to point out the points of 
difference and the points of agreement. To q\iite an extent some 
of those disagreements have now disappeared and are indicated in 
the resolutions which we have produced. I think we must recog- 
nize that this has not been a problem of merely coordinating the 
differences of opinion between the different countries, but that 
it has been a problem of obtaining lonity for the group represent- 
ing marine interests. Ihus, in the future, as we discuss our 
problems with those primarily interested in the air and also with 
the users of the imiversal frequency spectrum, we will have a 
\manimlty which will help us in securing adequate use of radio 
aids for the marine navigator. 

It is evident that the final answer to our problem is coordina- 
tion and not conflict. There has been, where there is a differ- 
ence of opinion, a decided give and take, a desire for coordina- 
tion and for compromise, rather than for conflict, which I think 
we have all seen in the results yesterday and today. 

There has been universal agreement that there is not a desire on 
the part of any covmtry to set up a monopolistic control, and I 
believe that the spirit that is indicated there means even more 
than the specific statements that were made. »ie have, I believe, 
secured- recommendations rtiich will have an impact as they are passed 
on to the delegations of forthcoming Meetings, i^ere final decisions 
must be reached and where the power is available to reach such 
decisions. The fact that we have been able in an informal manner 
to reach conclusions should indicate great hope for definite 
decisions at the various conferences which are scheduled for the 
coming year. 

In the matter of specific determinations, we have recognized that 
the high resolution radar is important. I think in several cases 
we have gone quite far into some of the details, and I believe 
that this is desirable. I think that when a group can go quite far 
into some specific details it indicates an even greater spirit of 
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cooperation than irtian the resolutions mist be phrased in innocuous 
terms. 1 think me have generally agreed that a cheap radar is not 
useful and, in fact, might eyen be dangerous. Furthermore, there 
probably is no such thing as a cheap radar, since the cost mhich 
would be saved in manufacture, or in the purchase might well be lost 
in operation. We have emphasized the need for specifications, and 
I believe 'Uiat, as a result of this universal desire for more 
detailed specifications, th^y will be forthcoming on all types of 
apparatus. 

It has been indicated that there is a high desire for the provi- 
sion of monitoring equipment. 1 might mention in terms of my own 
experience that 1 have found that idien it cosies to actual opiera- 
tions, simple effective tests that can be made on the Job are the 
most important means of securing adequate maintenance. 

Wb have discussed to quite an extent the problem of the small ves- 
sel, but it is quite possible that more should be done in that 
area. The qualifications and the training of personnel have been 
esphaslsed for both radar and for other radio aids to . navigation; 
axid again those of us who have been engaged in the past in the 
introduction of new eleotroalc devices know from experience that 
adequate training is as vital, or perhaps more vital, than adequate 
design of the equipment itself, although the design must precede 
the training. 

1b have decided that the time is not yet ripe to standardize on 
microwave frequencies but have left open the way for farther opera- 
tional studies and the obtaining of sufficient experience before 
final decisions are made. 

In the matter of pilotage, we have reiterated the table of last 
year but have recognized the need for the provision for the solu- 
tion of special problems, lb notice that position fixing is neces- 
saxy in order to guide the ship into the area where radar should 
take over. MF/DF and beacons have been recommended as a continu- 
ing aid, and we have recomoended that improvement in these is 
desirable wherever possible. Is have recognized not only that 
they are a navigational aid but that MF/DF direction finders have 
a very Important bearing upon the problim of rescue. 

Agreement has been reached that Decoa, if It shows the performance 
indicated by the promise of the papers that have been presented, 
should be Improved and expanded in the regions where the nations 
consider it desirable. 

It has been agreed that long range navigational aids are important 
but that the problems of the air are the most pressing. 


82 



It 18 rurther agreed tbat Loran should be continued and liiQ>roved 
and esqpanded, particularly where the air and the sea jointly have 
needs for navigational systems. You might, therefore, expect that 
further discussion on this would take place In other conferences. 

I think we have. In the reports of other committees on which we 
have taken action, agreed that we must go ahead on standards and 
on standardisation. These two Items are sometimes confused. 
Standards help us to determine the design and the methods by which 
the equipment should be presented, while standardization will help 
us greatly In the problem of maintenance and In converting person- 
nel from the use of one type of equipment to another or from one 
ship to another. 

le have recognized that VHF Is an important ally and that c<»imani- 
catlon generally, as well as the aids that we have discussed In 
more detail, must be developed further. 

This resume, of course. Is very brief and covers only some of the 
most outstanding items, but 1 am sure that as you read these reso- 
lutions In more detail and go over them you will feel, as I do, 
that we have a sense of accomplishment in the results that have 
been obtained. I hope also that you have enjqyed the opportunity 
to see American equlpmant In operation. In fact, many of you have 
had the opportunity to find out Just how easy it is to learn to 
use some of these new electr(»ilc aids. 

I do not know of any group of people I have enjoyed working with 
more Ihan the group that has been here together during the past 
week. 1 have been amazed at your close attention as we have pre- 
sented to you eight papers or more a day. It is, 1 must admit, 
somewhat better than I can expect from most of ny college students, 
but that may be because the lecturers were so much more able. 

In that connection 1 might mention a circumstance that I once had 
where 1 had a student who repeatedly went to sleep. I finally 
decided I would have to teach him a lesson so I wandered down, 
talking all the time. As I cams up close to him, 1 suddenly saldt 
"Everybody vdio Is a big fool stand up." He jumped right up to his 
feet and looked all around and said, "Well, professor, I don't 
know what we are voting on, but you and I seem to be in the minor- 
ity." 

1» have had a few majorities and a few minorities In our discussions, 
but we note that, of the recommendations that were brought In, we 
finally were able to compose our differences in some respect on 
every item. 

Again I want to thank all of you for working with the American dele- 
gation, with the American Secretariat, with all of the various 
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groups that have been In contact with you; and I hope that ee nay 
all see you together again sometlns In the future. Thank you very 
much. 

Sir ROBERT RkTSON-W&TT (UK)t Mr. Oiaimany Delegates, there remains 
one requirement which is not only very desirable but is, indeed, 
indispensable, and 1 think 1 can assure you of the completest unan- 
imity amongst your students on this issue. To you. President Bill, 
we would like to say that you have been the kindliest, most toler- 
ant, and most helpful of supervisors. Sitting in your class has 
been almost painless, and the happiness of sitting at your feet is 
not diminished ty the fact that there are no examination papers 
impending. 

Ife would like, through you, to offer our thanks to the 300 or more 
people vho, in the first line, have made this Confez*ence the indubit- 
able success that it has been. 

I have cm this, as on another occasion, the somewhat onezx)Us dis- 
tinction of speaking the language of every delegation present. I 
have been invited by your visiting delegations to speak for them, 
not because I speak their languages, but, presumably, because they 
are convinced that I will go on speaking whether they ask me to or 
not. But I assure you. Sir, that 1 know what is in their hearts 
and, if I can only express it inadequately, I will still regard it 
as (me of the greatest privileges of ny participation in this Con- 
ference, that 1 am allowed to speak from their hearts. 

Is thank the Chairman and menbers of the committees aho have worked 
incessantly under grave difficulties, due to the Impossibility of 
taking time off from the attractive entertainments that would get 
in the way of coomlttee meetings. 

Mb are grateful to the Captains and crews of the ships who taught 
us so much about the needs and the possibilities of the radio navi- 
gational aids that we have been discussing. 

We are grateful to the industry exhibitors, who eere models of 
technical integrity and who took a very enlightened view of their 
individual responsibilities. 1 met a nximber of them who were quite 
clearly selling their competitors goods, sometimes Inadvertently, 
but on the idiole generally by conviction that the goods were good 
and that it was more Important that they should be good than that 
they should bear a particular nameplate. 

To our hosts— our hosts in New York City, on the ships, and in 
this beautiful architectural monument, this erudite and versatile 
Academy — to all these people we have debts of gratitude which we 
hope to repay never in full but in part when we meet in much the 
same groups in other coimtiries. 
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It is one of the happgr features of our kind of international nego- 
tiations that we grow a kind of family tie in which, after 2 years, 
after U years, sometimes after 10 years, we find ourselves in 
another country but in the same grouping of minds and friendships 
and Christian names, that encourages us to believe that the world 
is an even smaller place than it is being made by radio communica- 
tions. 

But we should do wrong if we didn't offer thanks to our good selves. 
Wb, the delegates, have a creditable record. We have worked hard; 
we have played hard; we have devoted a great part of the 2$ hours 
to the adjustments of view that can only be worked out in informal 
discussions and in small. Isolated parses; and I believe we have 
the right to claim that we have been something by way of being 
models of accommodation of view. There has been on no side of 
this conference a tenacity of view which refused to yield to the 
evidence and to the arguments which have been brought to bear on 
each of our individual subjects. 

When we look at that Speriy subsidiary at Lake Success which calls 
Itself the United Nations, we know that we have no irlght to com- 
pare our achievements with their' s. We admit that we have attempted 
the difficult; their attempt on the almost impossible will take a 
little longer, ^t I think they might well have a look at our pro- 
ceedings and see that there is, indeed, high hope for international 
agreement on complicated and difficult subjects. 

And to the Secretariat, I would like to speak in the name of all 
of us with special warmth and with special thanks. The Executive 
Secretary has a right to be proud of the perfectly-operating team 
sdilch has made our lives so easy. Alike in documentation, in 
logistics, and in psychology they have been perfect; they have 
passed with high honors. Ihe documentation problem is one which 
makes and very frequently mars a conference, but 1 know of no con- 
ference in idilch the documentation has flowed so smoothly, so expe- 
ditiously, and so accurately as this second international meeting. 

1 would ask to be allowed to move, in general terms— but to leave 
to the Editing Conmlttee the work of putting exact words to the 
general terms— a resolution of cordial thanks and gratitude to our 
United States hosts. We would ask 'that our thanks also be formally 
recorded and conveyed to each individual member of the Secretariat 
who has made this international meeting a success and a notable 
step forward in the progress of radio aids to navigation. 

Hr. GROSS (US)t Mr. Chairman: 1 have no prepared talk because 
until a short time back 1 didn't know Just how we were going to 
come out of this. I didn't have time to write two kinds of talks. 
Following after the very excellent speech which Sir Robert Jxist 
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gave Is a most difficult task, indeed, because he can go around 
me like a hoop around a barrel when it comes to talking. I have 
found that out. So I am somewhat like the man irtio was touring 
through Hannibal, Missouri, the home town of our Samuel Clemens, 
the famous Mark Twain. He ran across an old-timer of the village, 
and he asked, "Did you know Mark Twain?" This fellow, with a snort 
of contempt, said, "Yes, sxire I knew him, and not only that, I knew 
just as many stories as he did. The only thing was, I didn't write 
mine down." So I haven't written mine down. 

We are, indeed, glad here in the United States tO have so many of 
you present. 

Secretary Norton, in his opening address, asked for your active 
participation in this meeting, and I am certainly grateful to all 
of you for the time and effort that you have put into it. I shall 
report to him with great pleasure that the meeting not only was a 
veiy^ active one but that, in my opinion, we accomplished much. I 
think the aim of the meeting, as we set it forth in the opening 
remarks, has been accon^lished. 

We had a statement that if any fruitful conclusions were reached 
they would bo recorded and passed along for future reference and 
utilization when the nations of the world meet to consider standard' 
ization of equipment in this field, I think we have reached mai^ 
fruitful conclusions, recommendations, and opinions that will serve 
as guideposts to those who follow us in this standardization of 
radio aids to marine navigation. 

To the Chairman, for his splendid conduct of this meeting, the 
heartfelt thanks of nyself, as Executive Secretary, and of my col- 
leagues on the United States Delegation. 

To the Secretairiat, you have been a wonderful group to work with 
and, as your Executive Secretary, I am very proud of you, one and 
all. You have made this a smooth-running and efficient meeting and 
have taken full account of the well-being of our guests. I think 
you have done splendidly and I thank you. 

To the industrial representatives of the United States, without 
wtiose cooperation it would have been impossible to conduct a meet- 
ing such as we have had, ny thanks again. You have been a "grand 
gang" to work with, and I can hope for nothing better than the 
pleasure of having you with us again at some future time. 

Last, but not least, to the Officers and personnel of the Coast 
Guard, for the wonderful way in which they have taken care of us 
since we have been here, my heartfelt thanks— and that goes for 
all of the United States Delegation, of course. 
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Again, it has been a great pleasure to have had you all here. I 
nant to itlsh you a safe passage home and hope that idien you arrive 
there your administrations will be pleased with the results of 
your productive work here and that our collective efforts will 
result in providing the mariner with a better means to take his 
ship safely over the oceans of the world. Thank you very much. 

Chainnan: Ibank you again for your cooperation. Goodbye and good 
luck. The meeting is adjourned. 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 

NEW VORK CITY AND NEW LONDON, CONN ■ • • APRIL 28- MAY 9, 1947 


UNHED STATES POLICY FOR RADIO AND 
EIECTRONIC AIDS FOR MARINE NAVIGATICM 


The national security | the nation's sea commerce, and the 
assurance of adequate safety of life and property at sea re- 
quire an efficient, integrated, standardized system of radio 
and electronic aids for marine navigation, 

A multiplicity of new radio and electronic devices and systems 
possessing potential applicability for marine navigation have 
been developed dxuring recent years, both at home and abroad. 

In fact, the devices and systems which have been developed and 
made potentially available as aids to navigation are so numer- 
ous that standardization is mandatory if the encouragement and 
developnent of United States sea commerce is to take place 
economically and realistically. 

In consequence, it is vital to the national interest that the 
United States play a leading role in the development, inves- 
tigation, selection and standardization of a world-wide system 
for marine navigation. This role should be played at the 
earliest practicable moment consistent with open-mindedness 
and sound technical jiidgment directed toward the attainment of 
optimum results, with due consideration for the cost to ship 
operators being kept as low as practicable. 

An open-minded attitude shall be maintained toward novel systems 
and devices which eventually may develop to be superior to 
existing systems. This attitude, however, shall not be per- 
mitted to retail the adoption of a world system based on systems 
already proved and in wide use over a large part of the world's 
waterways. 

To simplify standardization, to effect the greatest econosqr 
in operation and to further the most economical use of the 
radio spectmm, the Joint use of radio aids by both air and 
sea craft is hereby advocated where mutually advantageous* 
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The policy contained herein le applicable for domestic guidance 
as well as for use as a basis for tntematlcnal discussions on 
standazdlsatlon of devices, systems and performance. 

For the present and at least the Immediate future the follow- 
ing devices and systems are advocated as being practicable 

I. Navigation 

A. Anti-Collision. 

The use of radar shall be encouraged In order to 
enhance safe and economical operation primarily to 
reduce the risk of collision. 

B. Position Fixing. 

1. Distances over fifty miles. 

(Aid to ocean navigation requiring accuracy 
of Ij^ and allowing 15 minutes to obtain posi- 
tion fix.) 

(a) Loran - This system shall be continued. 
Improved and expanded. 

(b) Shipboard MF/DF with radlobeacons (useful 
up to 200 miles). This system shall be 
continued. Improved and expanded. 

2. Distances between 50 and 3 miles. 

(Aid to approaching lajod, coastal navigation 
and port approach requiring one -half mile to 
200 yards accuracy and allowing 5 minutes to 
one-half minute respectively to obtain posi- 
tion fix.) 

(a) Shipboard MF/t)F with radlobeacons. This 
system shall be continued. Improved and 
expanded. 

(b) Shipboard radars. Their use shall be 
encouraged and the devices shall be improved. 

(c) Radar aids, both active and passive. They 
are necessary for the special marking of 
navigational aids, dangers and shore features, 
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to facilitate Identification ty radeir* Their 
further development for purposes of operational 
evaluation should be continued, 

3* Distances less than 3 miles* 

(Aid to harbor entramce requiring 50 yards 
accuracy and Instantaneous position and track 
fixing.) 

(a) Shipboard radews (high resolution). 

Their use should be encouraged and the de- 
vices shall be improved. 

(b) Radar aids, both active and passive. They 
are necessary for the special marking of 
navigational aids, dangers and shore features, 
to facilitate identification by radar. Their 
further development for purposes of operational 
evaluation should be continued. 

(c) Shipboard MF/DF with radiobeacons. 

This system shall be continued, improved and 
expanded. 

II* Harbor Control and Harbor Communication , 

A, Harbor Control Radar, 

This service shall be provided as required, 

B, Harbor Control Communications. 

VHF Radiotelephone channels for harbor control purposes 
shall be provided. The channels and modulation should 
be standaitllzed internationally, 

III. Frequencies. 

The United States shall advocate the international standardi- 
zation of frequency allocations for use or operational evalu- 
ation with respect to the above devices and systems. 

It is believed that the frequency allocations recommended to 
the Department of State by the Interdepartmental Radio Advisory 
Committee and the Federal Communications Coaraisslon will meet 
the operational and technical requirements of the radio 
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navigational devices and systems herein designated. 
Those are as follows: 


A. 

Shipboard Radar: 

3000 

to 3246 Me 



5460 

to 5650 Me 



9320 

to 9500 Me 

B. 

Radar Beacons: 

3256 

Mes 1 10 Me 



5450 

Mes 1 10 Me 



9310 

Mes lO Me 

c. 

Lorcin: 

1800 

to 2000 ko 

D. 

IF/MF Radlobeacons 

280 

to 320 kc 

E. 

Harbor Control Comnainl- 
catlons In the Band: 

152 

to 162 Me 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON, CONN • • • APRIL 28 MAY 9. 1947 


WOBU) BADIO AIDS TO 5A7ISAIIOH 


By - 


H. L. SEWARD 
FfiOrSSSOB 0? 

MECHANICAL AND NAfilNE ENGINEEBINC 
UHIYBBSIIT 


this paper presents a short summary of events leading to 
the United States International Meeting on Marine Hadlo Aids to 
Navigation, including a review of recent developments in the 
field of international Badlo Aids to Marine Navigation. The 
trade routes of the world are outlined along with some estimate 
as to the needs for Sadio Navigational Aids on the routes, A 
philosophy of Aids to Navigation is developed and some of the 
pertinent characteristics of a lasting aid are pointed out. 



WOULD BAPIO JLIDS IQ. HAYIOAIIPS 


Nr. Chalman, Ladles and Gentlenen: 

1. Tou hay* heard this morning from those gentlemen who are 
concerned with the ceremonial and administrative aspects of this 
meeting. It Is now time that we begin to study the general and 
practical consideration of Badlo Aids to Marine Havlgatlon. In 
some phases of this subject I feel particularly well at home as I 
note from the list of delegates and speakers the names of many of 
my former students or shlpsiates as well as those of old colleagues 
with whom I have been associated in other international commercial 
and government meetings. 

2. Last May, in London, the discussion of international ra- 
dio aids to marine navigation was opened. Zveryone recognized the 
Importance of and the need for international a^eement on certain 
aspects of the problem. Some took the view that we should, at that 
time, record conclusions, recommendations and resolutions. Some, 
particularly those who had been denied the opportunity of partici- 
pating in progress made during the war, attended to listen and learn, 
while others took the position that it was premature technically and 
\insound economically to set standards for marine radio aids to navi- 
gation at that time and as a result of that meeting alone. The end 
result was that the London meeting served to Introduce basic systems 
euid ideas, to emphasize the absolute need for a set of operational 
standards against which all radio navigational systems could be ex- 
amined in the same perspective: but no definite commitments, resolu- 
tions or standardizations were accomplished. The Ministry of Trans- 
port of the United Kingdom took up the task, as assigned by the 
London Meeting, of keeping interested governments Informed of world 
progress in radio aids to navigation, 

3. Here in the United States we have completed one operational 
research test of radax on the Great Lakes about which you will hear 
in a later paper. We have accum\ilated more complete iiaformation on 
the behavior of radar on the Grand Banks off Newfoundland and the ice 
fields of the North Atlantic. We have conducted numerous individual 
operational tests of commercial radars. We have examined critically 
the problem of fixed radar aids and have arrived at some definite 
conclusions regarding this apparatus and its use. We have worked to- 
ward improvement of the radio beacon' system particularly pointing to 
use by automatic radio direction finders on both air and surface 
craft. Our United States manufacturers have surrived at production 
models of commercial shipboard Loran equipment following the general 
scheme of other radio aids — that is, some models are elaborate and 
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aliK>6t folly autonatic whereas other no dele, at a sacrifice of con- 
Tenience, hare appeared in the lower cost ranges. 

4. The Prorleional International CItII Aviation Organization 
(PICAO) has selected low frequency Loran as the system most likely 
to meet the operational requirements of a long distance radio aid 
for air navigation and regional PICAO conferences have generally in- 
dicated that standard Loran, as presently Installed, is required for 
Interim use as a long distance air aid pending the development of a 
system or method that will fulfill more adequately the needs for 
long distance air navigation. 

5. Before any consideration can he given to world radio aids 
to marine navigation we must critically examine the main trade routes 
of the world, ever bearing in mind for the sake of economy and effi- 
ciency that a marine system for surface use shotild also serve the 
needs of over^water air navigation. Some restrictions must be placed 
on this aspect of the problem. The requirements for terminal facili- 
ties for air navigation are so divergent from the requirements of 
terminal facilities of surface navigation that it will be impossible 
to integrate the two into a common system. Beyond the terminals, how- 
ever, from coastal departure out and over the open sea, the require- 
ments of air and surface navigation are sufficiently common as to 
give considerable hope of integration to a common system. 

6. Some parte of the picture of postwar world trade routes are 
immediately clear. The traditional North Atlantic route is probably 
the most predominant in traffic as well as the most hazaxdous. The 
air routes here in general follow the STirface routes trending some- 
what to the northward to take advantage of land bases to shorten re- 
quired over water distances between terminals. To complete the Atlan- 
tic pictTire we find a concentration of surface routes from Burope to 
the east coast of South America and from North America to the East 
and West coasts of Africa. Incidentally, we most assuredly expect 
traffic on these routes to increase. Merging with these routes, par- 
ticularly on the southern portions of each, we find traffic lanes 
from the east coast of the United States to Central and South America 
and from the West Coast of Europe to Africa. The air lanes on these 
routes follow principally the coast lines of the Americas and the 
Europe African coast lines. Here point to point medium distance aids 
can be provided for air navigation ~ and as the weather is in gener- 
al good, the need for long distance over water aids is somewhat 
diminished. 

7. In the Pacific we find the surface routes concentrating 
from the West Coast of the Americas to the Hawaiian Islands. The air 
routes of the Central Pacific run from the West Coast of the United 
States to these same Islands. Here long distance over water aids are 
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progr«88 In the art of transportation during the last war has 
produced an Increase of 30 to 40^ in transportation speed, an in- 
crease of 25 or 30 ^ in indlvidu^ ship capacity and an Increase 
of 15 to ZQfjL in operating econoioy. To be useful and successful, 
the post-war world navigational cdd system must haiiaonize with and 
fit into this progressive aspect of marine transportation and must 
also reflect ultimately an econooy to industry in the form of more 
efficient, reliable and safer operation. 

13* We must be aware of the fact that from a technical stand- 

point we have a fairly limited and definite electronic educational 
level among our ship operating personnel. During the last war we 
developed emergency methods for the training of personnel irtdch 
necessarily did not include a complete and well-rounded technical 
foundation, but by the nature of the emergency were limited to a 
few knacks or tricks of operation to secui^ immediate insults. A 
navigation aid or device to be acceptable and useful must provide 
the necessary data in proper form to enable the operating personnel 
bo take the craft where and when they choose under all weather condi- 
tions. This requires that the design of the device or system provide 
Tor a maxliwim use of the principle of transfer of skill, that is, 

31 large part of the highly technical and skilled aspects of the 
problem must be performed ashore where specially trained technical 
personnel are available and the device or system must provide the 
nedlum for transferring the bulk of technical accomplishments to 
lesser trained personnel who operate the equipment aboard the ship. 

14* We must guard against the natural and popular notion that 

new devices will 1 mmediately make obsolete all devices now in use. 
Actually most devices begin to become obsolescent the day that they 
are installed, but it is many years before the general practical 
navigator has exhausted all the possibilities of any navigational 
system or device. The mariner is particularly slow, and rightly so, 
in discarding those methods and means that have for years served to 
assist him in consummating a safe voyage. He will not accept or 
even use new devices or systems until they have been completely 
proven and reliably provided to the extent that they become an 
everyday part of his navigational routine. 

15 . 1 would like to develop what might be called a ^Mloso}^ 

of aids to navigation. This can be done by examining carefully the 
universally accepted aid to navigation that has survived the test of 
tlnoe. Undoubtedly the old lighthouse is the most universally used 
aid and in fact is the cornerstone of all our aids to navigation 
systems. What particular characteristics of this aid have served to 
place it in this position? First, it speaks an International lan- 
guage understandable by all who approach it, or in other terms, it 
is standardised internationally. It is permanently located and 
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accuratel7 operated. It is reliable and simple to use. Its rell- 
abllitj can be chedced easll/ emd the accurac/ of information ob- 
tained from it is solely dependent on the character is tics t^e 

instruments carried 2a the ressel which has i^eed for ths. informstioa . 
This is tremendously important for two reasons: the re8pon8ibllit7 
for accurac7 of Information lies, without question, 8olel7 with the 
Indiyldual obtaining and using the Information and secondi7, it 
seryes as a continued challenge to the navl^tor to perfect his own 
ablllt7 and eq\ii|«ient. Furthermore, the popularity of the lighthouse 
is enhanced by its very personality as the voice of a friend is rec- 
ognized or the charms of its characteristics are observed. In its 
lonobtruslve way it is always there and even if previously ignored 
can be used immediately as the need arises. In other words, it does 
not require a previous record or continual observation in order to 
make it available for immediate use. The navigator does not have to 
make an official demand, couched in a prescribed form, for informa- 
tion. It is hie for the taking. For example, the old shore- based 
radio direction finder, now obsolete in the United Statea, required 
that the user wait in line for hie turn, then it demanded that the 
request be submitted in a prescribed form and even more, the user had 
absolutely no way of knowing the extent of reliability of the data 
provided 0 ther than a blind trust in shore personnel and an occa- 
sional curt warning "bearlng^ doubtful." Ths Hothouse is the ideal 
representative of a democracy, absolutely free of any annoying pre- 
requisites, and a constant inspiration for individual perfection and 
accomplishment. Its cost of operation and technical requirements 
for personnel are a minimum. We might well review any specifications 
for world radio aids to marine navigation in this light. 

16. Susimarlzing and Interpreting world radio aids to navigation 

in the li^t of foregoing discussions, it is clear that surface ves- 
sel terminal navigational aids have little in common with air naviga- 
tion and are of sufficient merit to be considered from the shipboard 
standpoint alone. Fortunately the commonly accepted terminal and 
short distance shipboard navigational devices are in addition excel- 
lent safety at sea devices as well. Further, they are in many ways 
independent of international decisions other than that of frequency 
considerations. Any system advocated for navigation use in this 
range must be unique Indeed If it is to replace one of these dual 
purpose devices. Unfortunately as we proceed from short to medium 
distance aids we become more and more dependent on shore based 
equipment as an adjunct to shipboard devices and at the same time 
are forced into the field of single purposed equipments. It then 
becomes clear that both international agreement and coordination are 
imperatively necessary. As goveriunent ecoxioraic considerations will 
nattirally limit the provision of long distance shore based aids, 
some priority will have to be arranged. It seems natural to consider 
the most hazardous and most frequently used routes first. It is 
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important to bear in mind that any system provided over a priority 
area should be so standardized and agreed to as to permit a ready 
extension of the system through regional agreements as economic 
conditions permit and as are required by future developments, such 
as the Safety at Sea Conference, 

17. It is extremely unlikely that the requirements of either 

air or surface navigation taken alone will justify a long range 
navigational aid system, but both taken collectively amply Justify 
this requirement in certain areas and either air or surface inter- 
ests would be extremely foolish to proceed on a system independent 
of the other. Overall we collectively have a definite need for a 
long distance all weather marine navigational aid for air and sur- 
face craft, one that is universally accepted, one that is capable 
of extension and expansion as the need arises and one that is 
standardized so as to be universally understood throughout the world. 


H. L. SEWABD 
PROFESSOE OF 

MECHANICAL AND MARINE ENGINEERINC 
YALE UNIVERSITY 
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ABSIHACT 


Thle paper offers a broad and objective outline of the 
frequency Ber7ice>allocations being proposed bj the United States 
to the International Teleeommonications Conference for the mari- 
time navigational service. Joint use of feusilities by marine and 
aviation services, where practicable, is advocated. 

Salient features of systems and equiiments to be utilized 
in the proposed navigational bands are touched on. 

Necessity for world agreement on the standardization of 
navigational systems and appropriate frequency service-allocations 
is stressed. 
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PREqUENCY BANDS AND THEIR UTILIZATION FOR MARINE RADIO AIDS TO 

NAVIGATION 


Introductory 

1. Far-reaching adyances in the art of radio in recent yeare com- 
pel our reappraisal of frequency band allocations for marine radio 
aide to nayigation, both present and future. 

2 , The imminence of the International Telecommunications Confer- 
ence in Atlantic City next month lends timel Iness and appropriate- 
ness to a discussion of the subject at this Meeting. 

3* Ever since men has gone doim to the sea in ships, he has so\ight 
the perfect narigational system. He seeks a system idiich will per- 
mit him to trarel from one port to another, oyer the shortest track, 
in the fastest time, consistent with safety. He still seeks that 
perfect system. 

4. In the meantime the true nayi gator uses eyery aid at his dis- 
posal, though imperfect, to show where he is, where he is headed, 
what his ground speed is, and what dangers Ivirk in his yicinity. 

One of these aide is radio. 

5. Tour presence here is aoqple recognition of the yalue of radio 
aids to marine nayigation, present and potential. You are here to 
slnplify the mariner's navigational problem, if not to solve it, 
by the application of radio. 

6. But, unfortunately, you cannot use radio without using frequen- 
cies. I say "unfortunately" because today the service-allocation 
of frequencies is highly complex. At the time of Cairo, 1938, only 
a few types of navigational aids were in use. These were operated 
largely on a regional basis and thus did not present a difficult 
problem in so far as frequency allocations are concerned. Today, 
however, the situation Is vastly different. During the recent war, 
numerous new navigational stids were developed. Most of them were 
designad around specific frequencies inherently built into the de- 
vices in such a way as to preclxide a shift of frequenoy. These 
overall advancements during the war — in knowledge of techniques, 
radio frequency generation, microwave phenomena and the engineering 
of systems required for the successful application of these advance- 
ments to the field of radio aids to navigation — represent perhsps 
from ten to twenty years peacetime progress and heavy financial in- 
vestment. 

7. The United States recognised, even during the war, the impact 
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these devices ml^t have on the frequency allocation table* In 
eoneequence, «e undertook special studies of the problem to evalui> 
ate those aids which might lend themselves to peacetime sq^licatlon 
for the marine and aviation services. The task has not been an 
easy one. nor has It been cookie ted. Many devices have been dis* 
carded altogether. Others have reached an advanced stage of devel- 
opment. Others are in trial service to demonstrate their ultimate 
worth. Those selected are now providing navigational service and 
thus additional safety to both ships and aircraft. The serv^ 
Ice feature is in eon^lete accord with the United States view that, 
whenever practicable. In the Interest of frequency and equipment 
economy, the same aids should be employed jointly by ships and air- 
craft. 

8. Toward obtaining the views of other countries, the United States 
has participated In numerous fruitful International discussions, 
damns tratlons, conferences, and meetings on the general subject of 
standardisation of radio aids to navigation. 

9. The United States considers that standardisation of navigation- 
al aids Is essential. 

10. There are two major reasons for this. Ships and aircraft can- 
not carry the equipment req:alred to obtain service from a moltl- 
pllelty of aids providing the same or similar functions. S^ace 
llaltatlons, cost factors, and. In the ease of aircraft, weight oon»- 
slderations obviate this. Vor can nations be eigpected to finance 
the provision of a variety of shore-based aids to serve mobile 
stations carrying such a multiplicity of equipments* It Is evident, 
therefore, that ships and aircraft should. If possible, standardise 
on one type of aid in each distance category. 

11. Another, but by no means secondary consideration. Is the 
necessl^ for standardisation of systems In tiie interest of avoid- 
nnoe of Interference between radio services. Tor eanaple. If one 
nation sets aside a certain band of frequencies for shipboard radar 
and this sane band of frequencies Is used for fixed service la aiw 
other country, the ship ml^t not be able to employ Its radar near 
the second country without causing Interference. World standardi- 
sation obviates such difficulties. 

Bands Proposed bv United States for Marine Badlo Aids to »tvlgstlon 

12. These considerations were given dne weli^t In the preparation 
of the following proposals for frequency service-silo cations by the 
United States for the revision of Article 7 of the General Badlo 
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Badlo Regcdatlons (Cairo Rerrltlon) 10 ke to 30,000 Me at the Intor- 
national TeloeoBBonleatlona Conforonoo. 

Lon<>»dleta oee Haylgatton 

1Q..14 kc f or HaTUati enjJ. Sarylao 

13. Much thott^t has been glron in soreral qnarters of the world 
to the need for a standard, worldf>wlde, lone»dl stance navigational 
aid. As oonoeived, snoh aid could he available for use b 7 both 
ships at sea and aircraft over the sea. 

14. The band 10*14 kc is considered to be suitable for such pur- 
pose. It can earrj large powers over great distances. Tor efficient 
propagation, however, its use is rather limited to land-based trane* 
■isslons sdiere antennas of the required height or length can be pro~ 
vided conveniently. 

15. A BQBber of systems have been developed to serve this purpose. 
One continnous wave system, now in the eaperimental stage, may prove 
worthy of standardisation. Which system or systems will eventually 
ooeapY this band is still indeterminate. Nevertheless* the United 
States feels that this band should be set aside now for any ultl* 
mate continuous wave system which may later prove worthy of standard- 
Ixatlon. 

Lonm-distenoe Navigation (Ships and Airoraft) 

200*S80 kc for Aeronautical Navigational Service 
1800*2000 kc for Navlgatienal (Loran) Service 


16. Medium frequency LORAN is the only longdistance aid now in 
general use for long-distance service coverage for ships and air* 
eraft. The LORAN chains were installed during the war and have been 
continued because of their long-recognised utility. As you are aware, 
LORAN is a pulsed emission navigational aid using the transmission of 
timed pulses from a "master* station at a specified characteristle 
rate and the re*transmlssion in synchronism of similar pulses frms a 
second station, commonly termed a "slave". Bie difference la the 
time of arrival of pulses from the master and the slave determines 

a hyperbolic line of position. A position is fixed by the inter- 
secting of a second line of position obtained from another pair of 
stations with the line obtained from the first pair. 

17. The United States therefore is recommending to the Radio Admin* 
istrative Conference that the medium frequency bands 1800*1900 and 
1900*2000 ke be continued for LORAN in the MF spectrum and that 
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provieiott be made in the Ticinity of 180 kc for service trials of 
LF LOEAJV so as to determine the extent of the isqp roved covered 
over land* as well as sea. of LOE&N operating in this portion of 
the ^ectmm. The use of teo or more bands of frequencies for 

does not aggravate the mobile receiver problem since a con- 
verter in the radio frequency portion of the receiver pexmita 
switching from one carrier frequency to another without dv^licat- 
Ing the presentation portion of the receiver* 

18* Besides l^RAV* the United States has developed another aid* 
principally for air navigation, for the aoo^>80 kc band, namely, 
the LF Omnidirectional Range. The LF Omnidirectional Range is a 
narrow band continuous wave system providing, from a single site, 
radiail track guidance throughout 360^ of asdonxth. 

19* To offer to the International Telecommunicatloas Conference 
as much flexibility as possible in deciding the allocation for the 
ultimate long-distance aid to be eiqployed Jointly by ships and airw 
craft, the United States proposes the band 200-R80 kc as represent- 
ing the overaall limits within which the final selection be made* 

It should be noted that the entire band 200-^80 kc is not reqxiired 
for the ultimate long-distance aid to be selected. The remainder 
of the band 200-280 kc and the entire band 320-415 kc is reqxdred 
in the Amerloan Region for the continued use of a system of medium 
and short-distance aeronautical navigational aids which have been 
in operation for a number of years* 

Medium Distance Navigation 

280-520 kc for Maritime Navigational (Beacons) Service 

20. The IMited States proposes the band 280-320 kc for the msiri- 
time navigational service enploylng the familiar radio beacon* In 
this band and its vicinity over 33 countries of the world provide 
over 600 radio beacons* These beacons serve ships of all countries 
provided with a direction finder cepable of receiving beacon sig- 
nals in and near this band* As you know, the Safety of Life at Sea 
Convention, to which many countries subscribe, requires that ships 
of certain specifications ceory a radio direction finder* But 
apart from these, thousands of ships and smaller beats carry a 
radio direction finder on a voluntary basis in order to avail them- 
selves of this valuable service* 

21* The present allocation in the American Region is 285-315 kc* 

But because of continued and esqpanded use of this aid for siaay years 
to come for short and medium distance navigational puxposes as 
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indicated, an increase in the width of this band to forty kc is 
considered by the United States to be a minioium, in ^ite of in- 
tense area and time sharing. 


22, Economic and engineering reasons justify retention of this 
enlarged band for beacons. The position of this band in the spec- 
trum has proved satisfactory. Heavy commitments by many covintries 
in the radio beacon stations themselves and in the thousands of 
radio direction finder equipments carried aboard ship Justify its 
continuation in this band. In fact the radio beacon facility is 
the sin^lest, most universally used short and medium range radio 
aid available today, 

23, The United States believes the position in the spectrum of 
this band shoxild not be changed, and that world standardization is 
necessary so as to preclude ships from having to tune to, and cali- 
brate their direction-finding receivers for, different frequency 
bands in different parts of the world. The satisfectory service 
^iven by these beacons has made tumecesssiry the continued use of 
medium frequency shore- based direction finders. 

490-510 kc 

24, As we all know, 600 kc, with its guard band, is the intema/- 
tional calling, distress, and emergency direction finding frequency 
recognized as meeting the pertinent requirement of the Safety of 
Life at Sea Convention (London, 1929) . It is also incorporated in 
the Ceneral Radio Regulations (Cairo Revision). 

25. Many other maritime mobile stations, such as those on board 
aircraft over the sea, voluntarily equipped vessels of all nations, 
and motor lifeboats are fitted to receive and transmit on this fre- 
quency, Without such a universal distress frequency, there would 
be no common frequency upon idilch any vessel could seek or give aid 
to any other vessel. 

26. The adaptability of this frequency for the purpose and the 
world-wide commitments in equipment, procedures, and search and 
rescue systems, fully justifies its retention for its present pui*- 
poses. 

Short-distance Navigation 

152-162 Me for Mobile Service, except Aeronautical 

27. The United States proposes that frequencies in the band 
152-162 Me be provided for short distance comirunl cations in the 
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Maritime Mo1}ile Service other than with aircraft. Conteaqolated 
services are calling; safet 7 and distress; general intership com* 
fflunications; ship*shore*8hip operational eoramonications; ship- 
shore common carrier public correspondence; and harbor traffic 
control communications. !Fhe frequency 156.81 Mo is recommended 
for universal standardization to be available for the exclusive 
use of the Maritime Mobile Service for short-range communication. 

38. However, we are principally concerned here with navigational 
aepecte of harbor traffic control communications. There appears 
to be an imminent requirement for the services of shore-based radar 
stations located near the approaches to. and in the vicinity of. 
harbors and ports for the location and direction of ships entering 
and leaving them. Since verbal instructions from the shore-based 
radar stations to the ships being directed will require communica- 
tion facilities, it is proposed that such facilities be provided 
Internationally on the frequency 156.81 Me. 

3000-3346 Mo 

5460-5650 Mo 

9320-9500 Me 

1 

29. The United States proposes three bands for shlpboeurd zuivigar* 
tional aids in which pulsed navigational aids are permitted. These 
are the bands 3000 to 3346 Mo, 5460 to 5650 Me, and 9330 to 9500 Mo 
with radar beacons centered on 3256, 5450, and 9310 Me with a plus 
and minus guard band of 10 Me. 

30. The provision of three bands for shipboard maritime radar is 
the result of the successful use of pulsed radars during the war, 
and the success to date of the operational trials now being conducted 
by several countries to determine the over-all utility of radar for 
the maritime service. The particular significance of these bands 
must be adjudged by considering all three together. The band 
3000-3246 Me is known to he less susceptible to the effects of rain 
and snow which can cause obscuration or bltirring of the presentation. 
Obscuration has been known to occur at 3000 Me, but it is relatively 
less severe and occurs less frequently than at the higher frequeneie8( 

31. The second major consideration is definition or the preciseness 
of the picture zhich the operator sees. In general, greater defini- 
tion can be obtained at 9330-9500 Me, but the evaluation of the over- 
all merits of the three bands must take into account the particular 
puipose which the navigator who uses the device primarily has in 
mind. 
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32. Reports from mariners iiho now are experimenting with radars 
indicate that in some waters the definition provided hy a 3000 Mo 
radar is sufficient. On the other hand, proponents of 9000 Me 
radar say that the ability of a ship to move safely in daricness or 
fog throu^ a crowded harbor or in narrow straits is the criterion 
and that hig^ definition of the order of that provided by 9000 Me 
radar is essential. 

33. In view of this, the United States believes that the only wise 
course is to provide three bands as mentioned, so that extensive 
operations^ trisJ-s in all kinds of weather and in all oceans may be 
conducted over an extended period of time. It Is likely that a re* 
quirement will exist for all three bands for some time to come. 

34. The band 5460*5650 Me has been included in the United States 
proposals because it is believed that this bemd holds the most 
promise of striking an effective coiqpromise between the sidvantages 
r<nd disadvantages of the other two bands. While it is true that 
vexy little equipment and practically no operations^ eii^erience is 
available to si:q)port the necessity of this 5000 Me band, it is 
deemed highly is^ortant to provide it at this time, said for some 
years to come. If this is not done, it is unlikely that an alloca* 
tlon could in the future be made without diBrtq)tion of other serv* 
ices which otherwise mi^t become committed in this psirt of the 
spectrum, and where the cost of changes in the operational frequen* 
cies of equipment may be substantial. 

35. The three radar beacon frequencies 3256, 5450, and 9310 Mo, 
with plus and minus 10 Me guard bands eon^lement the three ship- 
board radar bands. It is pointed out that these beacon frequen- 
cies are adjacent to, rather than within, the radar bands them- 
selves. In general it is intended that shipboard radars may 
interrogate the radar beacons in the adjacent band. If they prove 
in practice to be essential to the mariner, and if it appears that 
ships generally will require two or three bands, the same number 
of radar beacons will be reqxiired. 

36. It will be noted that I have made no mention of the so*ealled 
radio li^thouse. So far no requirement has been indicated in 
this country for that t^pe of facility, but, nevertheless, we are 
anxious to learn of the progress of its development in other 
countries. It is our view that should this facility have to be 
provided for in the spectrum, it could be accommodated either in 
the band 2900*3000 Me or in the band 3266*3300 Mo. 
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37. So mach for the e:q>lanatlon of the apecifie United States 
frequency serriee-alloeatlon proposals. 

-fad 

38. The United States Is conrlnced that tbe frequency bands dis- 
cussed here will accomoodate efficiently and economically all the 
present and fore-seeable oarine radio aids to navigation cepable 
of meeting the needs of the modem navigator. 

39. World agreement on systems and frequency spectnus requirements 
at this Meeting for introduction at the International Telecommunica- 
tions Conference is our great opportunity. 

40. Standardization of systems offers advantages to all nations. 
Standardization of systems reduces to a minianim a country's invest- 
ment in land-based facilities. Standardization of systems likewise 
reduces to a minimum the radio equipment required to be carried 
aboard ship and aircraft. Otherwise ships would take on the aspect 
of floating rsidio laboratories and, throu^ required extensive 
training, bridge crews would behave more like radio engineers than 
mariners. 

41. But world agreement on standardization of systems Is not 
enough. We must prepare ourselves to agree at the forthcoming 
International Telecommunications Conference on standardization of 
frequency servlc»>allocatlons as well, if we are to have spectrum 
order and not disorder. Standardization of allocations reduces to 
a minimum the portion of the spectrum utilized throughout the world 
for a given service. Standardization of allocations permits order- 
ly eiqpanslon of present systems. Standardization of allocations 
provides predetermined spectrum space for the introduction of new 
systems which may represent an ioprovement over those currently 
standardized. Standardization of allocations goes far toward miti- 
gating the evil of interference, ind standardisation of allocations 
in tills navigational service will encourage standardization in other 
services. 

42. In conclusion, we are confident that the interests of our respeo 

tlve countries, fhether direct or indirect, in international commerce 
will lead us all to international agreement on systems and on fre- 
quency bands for the benefit and vital promotion of world trade 

Thank you. 


E. K. JETT 
COMMISSIONER, 

EEUERiL COMMUNICATIONS COMMISSION 
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ABSTRACT 


This p^er presents general ccanments concerning aids to 
marine navigation and the suitability of various systems for 
peacetime use# 

The importance of standardizing electronic aids to navi- 
gation is stressed, inviting particular attention to the consid- 
eration of frequency assignments at the ccxning YTorld Telecommuni- 
cations Conference. 

Radio and electronic aids specifically mentioned are: 
Radar, Shoran, Loran, Medium Frequency Direction Finders, Radio 
and Radar beacons, and Very High Ei:*equency Radio Communications* 

Recommendations are also set forth as to requirements for 
navigational aids for position fixing in areas; 

(a) Less than 3 miles from land 

(b) Betireen 3 ^ 50 miles from land 

(c) Over $0 miles from land 
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"THE SEIECTION AND CONVERSION OF V/AR DEVELOPED 
EIECTRONIC NAVIGATIONAL SYSTEMS FOR PEACETIME USE" 


Introductory 

1« Not long ago Electronics were playing an essential role 

In the conduct of the most extensive war the world has ever known. 
Aircraft were enabled to bomb pln-polnt targets through overcast 
and fog* Ships bombarded shore and ship targets without visual 
contact with those targets* 

2 * From March, 19liii to March, 19h$ I had the privilege of 

commanding the new and fast U« S. Battleship Wisconsin* The Wis- 
consin operated as a part of the great Naval force in the Vfestern 
Pacific \inder Admirals Nimitz, Spruance and Halsey* I can cer- 
tainly state to you. Gentlemen, that I developed a deep affection 
for electronic navigational aids, particularly radar and Loran* 
They are marvelous aids to safe ana effective navigation* One 
occasion I shall always remember was the typhoon we e3Q>erienced 
in December of 19itU in which we lost some ships due to the in- 
tensity of the raging storm* There were several hundred Navy 
ships in the storm area* We were in formation* I recall that 
for a few hovirs we could not visually see even those ships 
nearest to us in the formation. But by radar we "saw*' them 
readily and proceeded without fear of collision* 

3* Today, electronic navigational aids, or applications of 

these equipments, are applied to peacetime piirsxiits* Ships are 
avoiding collision by the use of radar* V^ith radar, ships are 
able to proceed at normal speeds in fog •vdiere . not many years back 
it was necessary to stop or proceed slowly* Ships are maintained 
on their routes, saving time, money and fuel* Recently, an air- 
craft was lost in inclement weather some 150 miles north of 
Bermuda* The high powered U. S. air search radar, installed and 
operating on that island, located the aircraft and by means of 
radio communications directed it to the base for a successful 
landing* Tnere are many examples of this nature with which you 
may be familiar* 

U* A multiplicity of now radio and electronic devices and 
systems possessing potentialities for marine navigation have been 
developed* No doubt, most of these equipments would have been 
developed in time but the impetus of war hastened their develop- 
ment and adoption* Many of these wartime developments are adapt- 
able to peacetime uses, including marine and air navigation, and 
will enhance the safety of life at sea and in the air. 

5* The multiplicity of electronic navigational aids presents 
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mai^ problems. One of these problems Is the c oordination and 
assignment of frequencies for equipments on a world-wide basis. 

The number of frequencies available for these devices is neces- 
sarily Umited. limitations on practicable weighty space , costs ^ 
complexity, and numbers of operating personnel make wide employ- 
ment of certain systems umvise or impracticable at this time. 

We should avoid adoption of any world-wide plan ii^ch v^ould re- 
quire a ship, in going from one area to another, to change its 
equipment and techniques in order to obtain maximum benefits from 
those electronic navigational aids available in that second area. 
Furthermore, the consideration of the expense involved in using 
several different systems would make such a procedure impractical. 
Added weight in aircraft and the location of added units on board 
ship, constitute a problem which cannot be overlooked. Moreover, 
no man can be trained to operate every type of aid efficiently. 

The problem of employing an extensive technical crew would be a 
serious one. Hence, the need for world-wide coordination is 
apparent. 

6. Let us consider some of these war-developed systems with 
particular regard aus to how they can be effectively employed in 
peacetime. 

7. Time does not allow me to fully explore all possible 
navigational aids or all possible combinations of aids. Therefore 
I shall make ccmiments concerning only some principal aids, devot- 
ing particular attention to those whose use is common to aircraft 
and to ships. In the interests of econocy, coordination and sim- 
plification, it is obvious that, we should make use of such aids 
as are common to both aircraft and ships, whenever and wherever 
practicable. Because of the scope of the subject, I shall confine 
myself to those prominent aids upon which the U.S. depends for 
marine navigation and i/rfiich are practicable for use on a world- 
wide scale as soon as agreements can be reached. 

RADAR 

8. As you know. Radar had its technical beginning many years 
ago, but its development proceeded slowly, gaining momentum in 
the late 1^30' s, and reached its piesont improved state due to 
the virgencies of war. Radar augments to a remarkable degree our 
sense of sight, not only as regards distance, but also in its 
capacity to penetrate darkness or fog. With Radar installed in 
ships and aircraft we are able to “see” our objective whether it 

be a buoy, island or harbor entrance. During darkness or inclement 
weather v/e are enabled to “see” other ships in time to avert dan- 
ger of collision. The aveiilability of reflectors and beacons 
installed on shore has added greatly to the capabilities of Radar 
for marine navigation close to land. 
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?• The U. S« Coast Guard is taking an active part in the co- 

ordination of U. S. COTunercial Karine Radar equipment* There is 
a program in progress for the improvement of U. S. Air and Marine 
Navigational Radar beacons and their installation on an extensive 
basis for use in marine navigation and all-weather flying opera- 
tions of military and civil aircraft* In addition, there is an 
extensive program in progress under the coordination of the U, S* 
Navy and the Coast Guard to fxirther iii 5 )rove channel and buoy de- 
tection by Radar* The use of precision Radar, reflectors and 
beacons in off-shore hydrographic surveys is being set up by sev- 
eral organizations in the U* S. It is anticipated that there will 
be considerable resultant information that will be of use to 
marine navigation in general# 

t 

10* Grcaaai Controlled Approach Radar (GCA ) now used for 
landing aircraft in low visibility, is an application of a war-time 
development to peacetime needs* Ground Controlled Approach Radar 
equipment is probably well known to mary of those present* The 
usefulness of this system was well demonstrated this past vdnter 
at I/itchel Field, Long Island, and Patuxent, Maryland, when several 
civil aircraft including one transoceanic were successfully landed 
under vreather conditions in iiddch the planes might otherwise have 
crashed* Ground Controlled Approach Radar is assuming increasing 
importance in civil, as well as military operations* It is pro- 
bable that similar techniques and a similar systera caii be applied 
to harbor control and marine navigation* 

11* Tlie U. S* Weather Bureau, the ItLlitarj' Services and the CAA 
are using Radar for the detection and tracking of storms with 
excellent results* Ships and aircraft are also vising Radar for the 
location of storms in their vicinity and as an aid in avoiding 
dangerous storm areas* 

SHORAN 

12* Shoran is a precision range triangulation system, employing 
two beacons which re-radiate pulse on two different frequencies 
after initial "interrogatioris" are made from the transmitter in 
the craft. This system v/as designed primarily as a precision 
blind bombing device at relatively short ranges (100-200 miles), 
but can also be vised to navigate to a specific point* Because of 
its accuracy this equipment is being used extensively by agencies 
concerned with aerial mappir*g, hydrographic work and geologic sur- 
very* 

LOhAN 

13« Loran is a well-established long-range navigation system 
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employing 2 or 3 transmitting stations to cover 6. given area. 

It fvmctions on the principle of precise time measurements of 
pulse transmission from tvro or more synchronized transmitters. 

It is a position-fixing system giving lines of position. Its 
current accuracy is better than 1^ of the distance from the ship 
to the transmitting station in the service area, 

lit. Operational trials ■were conducted in 19U2. and operational 
expansion commenced in 191^3 and has been continued on a wide scale 
Loran chains have been established v/hich in general ex'tend from 
Japan down through the Ryuku Islands, the Philippines, Marianas 
and liiarshall Islands, Hawaii, Aleutians, Alaska, the West and East 
Coast of the U.S.j thence by way of the North Atlantic to Europe, 
Thus, a considerable portion of the shipping lanes of the world 
are already covered by Loran transmit-ters available for instant 
use by any ship or aircraft equipped Yd.th a siiitable receiver, 

1!p, The existing Loran system now provides unique and valuable 
ser'vice. Its present capabilities are as follows: 

(a) Daytime range 600 to 800 nautical miles 
Nighttime range x,U00 nautical miles 

(b) The ser'vice area of one chain of 3 stations is about 
1,000,000 square miles over water, and about 150 
transmitting stations of the present design would be 
sufficient to provide service over all the important 
sea routes and over-water airways of the world, 

16, The apparatus now generally used was built xmder the de- 
signs developed when the system was new and this apparatus is more 
complex than necessary. Possibilities are bright for improvements 
in Loran which is already an excellent and reliable system. Labor 
atorj'- work and field tests, now well advanced, shovf that the pre- 
sent characteristics can be greatly improved. The day-time range 
can probably be increased to as much as 1,500 miles under severe 
noise conditions, and to as much as 3^000 miles under light noise 
conditions. Accuracy can be increased to within 1 or 2 miles at 
1,000 miles from stations. Receivers are in production which are 
direct-reading, that is, no skill will be required to take read- 
ings, The ser'vice area of each new Loran system chain is about 
5,000,000 squre miles, and only 60 or 70 stations will be required 
to give good coverage over all important land and water airways of 
the vrarld, 

17, Briefly, the salient characteristics of the Loran system, 
■viewed from the postwar application angle, are as follows: 
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(a) Range 1,000 to 15C0 miles by Standard Loran and to 
3000” miles by Low Frequency Loran (dependent upon 
noise conditions). 

(b) Stability, reliability, and acciiracy-very high, 

(c) Receivers will be available at moderate cost. 

(d) Aircraft receiver weight - now 35 pounds. 

(e) Position fixes can be obtained under all weather 
conditions. 

18* A practical application now available for use by ships and 

eiircraft equipped v/ith Loran is that of piloting or ‘'homing'* to a 
harbor. Using it, the aircraft or ship is able to reach harbor 
channels with minimum delay, and vd.th certainty, even Trhen posi- 
tion fixes by other methods have been impossible for long periods 
while approaching the coast. Each spot on the coast, each harbor, 
each buoy, each airfield, has some Loran line of position running 
through it. The particular line passing through any desired des- 
tination is determined from the Loran clxart. The ship or aircraft 
approaching the coast merely navigates, well off shore, so as to 
reach that particular line of position, as read on the Loran re- 
ceiver. Having reached that line, the Loran receiver is allowed 
to remain on the s etting for that line j and the ship is steered so 
that the Loran receiver continuously corresponds to that setting. 

If the ship veers right or left from its course, tlie indicator 
will show the change immediately. The ship is maintained on a 
course which is the charted Loran line of position and necessarily 
arrives at the desired destination. 

19 • Under war-time conditions, in the U.S. Navy sixteen weeks 

is the time usually allowed to train a man in the necessary math- 
ematics, astronomy and geography to become a possible celestial 
navigator* This statement includes the assumption that the student 
has the necessary groxmdwork beforehand. As a result of this 
training, the man is able to obtain a celestial fix in from 20 to 
UO minutes, using a sextant* This same man can be trained to 
operate existing Standard Loran in three days or lessi Also in- 
stead of the laborious celestial navigation method, how simple it 
is to use Loran which results in an accxirate long range fix in 
three minutes or lessi 

20* During the war over 3>000 ships and 30,000 aircraft were 

equipped with U. S. Standard Loran receivers. The military ser- 
vices using Standard Loran included: 

U. S. Navy 
U, S, Army Air Force 
British Royal Na-vy 
British Royal Air Force 
Royal Canadian Navy 
Royal Canadian Air Force 
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U» S. Naval Transport Service 
U, S« Air Transport Cwnmand 


By means of Loran, a Trans-Atlantic ship convoy made a perfect 
landfall follovning a 3 day's storm in udiich no celestial obser- 
vations were obtained. I4. years ago a commander of a naval ship 
unit operating in the Aleutians stated that Loran was used regu- 
larly and results were most successful. This canmander also 
reported that he considered the Loran installation the outstand- 
ing single piece of equipment yet installed. An Allied bcanber, 

Ixit by anti-aircraft fire which destroyed radar, compass, and all 
other navigational instruments except Loran, was able to reach 
its base by homing on a Loran Hne of position. 

21 . Loran has the outstanding advantage of having been tried 
and found effective for both marine and air navigation. It has 
received recognition by the International Civil Air Organization. 
Constant research over a period of several years has improved 
Loran to the point where I firaily believe it to be the best 
available answer to marine and air long range navigational problems. 
Certain Loran chains are established and considerable Loran equip- 
ment is already available for installation in ships and aircraft. 

22 . In addtion to Standard Loran a Low Frequency Loran has 
been extensively tested in the I80 kc band. On the basis of 
these tests the Technical Division of the Provisional Internation- 
al Civil Aviation Organization at Montreal reported that Low 
Frequency Loran is the system which at present offers the greatest 
promise of meeting functional requirements as a long distance aid 
to air navigation. Low Frequency Loran, particularly frcmi the 
Marine standpoint, is still in the experimental stage. Continued 
tests lead to hope, however, that certain technical problems 
which have so far prevented its standardization, can be overcome 
in a reasonable time. 

lEDIUM FREQUENCY DIRECTION FINDERS 

23. Pending the establishment of a more satisfactory world- 
wide system wtiich will be available to all ships and which all ships 
will be able to employ, it is believed that mariners should con- 
tinue to make use of shipboard JIF/DF with radio beacons and that 
the system should be improved wherever practicable. This, of 
course, is not a war-developed aid, but it is a system with vrhich 
we have long been familiar and which has been in use for many years. 
I believe that use of this system should be continued as a means 
for establishing position fixes by those ships not equipped with 
Loran and Radar, and may be employed as a secondary means of posi- 
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tion fixing for some time to come* The United States has aban- 
doned the use of shore-based radio direction finder stations for 
purely marine navigational purposes* However, I believe it 
would be of interest to you to know that there are in active ser- 
vice, a few shore-based direction finders, both medium frequency 
and high frequency, situated at various locations within the 
United States* These stations are available for Search and Res- 
cre pvirposes only* I to uld like to emphasize that these facili- 
ties as well as many radio and radar beacons are giving satis- 
factory operational results for marine and air navigation and are 
available for emergency use* 

VERY HIGH FREsiUENCY VOICE RADIO COMUNICATIONS 

25* Very High Frequency Radio Communications was exploited 
during the war and has now reached a very satisfactory stage of 
developnent* VHF found mai^yr \jses during the war and now, although 
it is not,strictly speaking, a navigational aid, it can be used in 
marine navigation as an aid in harbor control and for offshore 
commvuxLcations * 

GENERAL 

26* There are other electronic navigational aids under consid- 
eration and test by varioiis U.S. Agencies, for adaptation to 
Marine Navigation* As mentioned before, I liave discussed in this 
presentation only certain equipments idiich seem to me most sxd. table 
autid practicable for use on a world-wide scale as soon as agreements 
can be reached* 

27, I think that you will agree that the matter of frequency 
assignment at the coming World Telecommunications Conference will 
put emphasis on the necessity for early standardization of elec- 
tronic navigational aids* Use of systems common to marine and 
ciir navigation is desirable for many reasons, among which are: 

(1) Reduction of the number of transmitting installations 
required* 

(2) Reduction of expense and number of personnel required* 

(3) Simplification of such training as is required by 
operators* 

(U) Reduction of demands for frequency allocation* 

( 5 ) Adoption of world-wide systems which are capable of 
serving all potential users* 
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23, Speaking from an operational viewpoint I believe that 

Radar has become an almost indispensable aid for preventing col- 
lision at sea* It is valuable also for position fixing when 
within "line-of-sighf* range of land, including maneuvering in 
harbors* In order to permit accuracy of 50 yards and to allow 
instantaneous position and track fixing when within "line-of- 
sight" range to land, those U. S. equipments considered satis- 
factory include shipboard high resolution Radar operating in the 
3000, 3000 and 9000 mcs bands, assisted by active and passive 
radar aids* In addition, radio beacons with shipboard medium 
frequency direction finders, as well as VIIF radio communications 
used as a secondary aid, are highly desirable for use under such 
conditions* If we increase the distance of the ship from land 
to an intermediate range, say from 3 to 50 miles, the equipment 
which I have just mentioned will also sal^isfy the operational 
requirements* At such a raiige, an accuracy of 200 yards to 
one-iialf mile should be requd.red and from l/2 minute to 5 minutes 
should be permitted for position and track fixing. In cases where- 
in a ship is over SO miles from land an accuracy of should be 
allowed and 15 minutes is sufficient to allow for obtaining a fix* 
U. S. equipments wliose performance is well within these limits, 
are: Standard Loran operating in the 1800-2000 kcs band and radio 
beacons with shipboard medium frequency direction finders* 

29* I should like to emphasize that it is my sincere hope 

that this conference will not only demonstrate to you the suit- 
ability of some war developed equipment for world-avide adoption 
but will lead also to effective standardization of world'^.de 
marine navigational aids and ease the problems of frequency 
assignments* I am convinced that while time and engineering will 
improve those systems already in xise there will be a miniraxm of 
obsolescence of older equipments as improvements are made. The 
basic principles of the U.S. systems now in use are sound and 
satisfactory for world-wide use* I believe it would take a long 
time to obtain definite proof as to the usefulness of any specu- 
lative or theoretical system which has not been in wide usefbr 
a considerable period of time to allow its full evaluation to be 
accomplished. I believe that we should remain open-minded to new 
ideas but at the same time accept those ideas, systems and devices 
■v^ch have been tested and used operationally over a long period 
and have been proven effective and satisfactory in performance* 

30* Hie detailed and technical aspects of the systems and 

equipments I have mentioned will be more fully covered by later 
speakers* There are U. S. representatives present who are 
qualified and read;;r to answer such technical questions as you 
may care to ask at this time, and who will be pleased to show you 
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later what the U« S. now has to demonstrate 


Earl E. Stone 
Rear Adjniral, U, S« Navy 
Chier of Naval Coramxinications 
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ABSTRACT 

As the title suggests, this paper attempts to 
present in an over-all manner the viewpoint of the 
commercial shipowner with respect to the various 
electronic navigational devices that have been made 
available, or potentially available, to him in recent 
years. It attempts to point out the factors which 
he must take into consideration with respect to these 
new devices. And of most importance, it explains the 
dilemma that the shipowner will continue to be con- 
fronted with until such time as definite international 
agreements are arrived at mtoich will enable him to 
make use of these new devices throughout the world. 
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THE USERS VIEWPOINT ON RADIO NAVIGATIONAL 


SYSTEMS FOR OCEAN GOING VESSELS 


1. I am speaking at this meeting as a representa- 
tive of the National Federation of American Shipping, 
which represents a majority of the high seas ship- 
owners of the United States. We appreciate this 
opportunity to present ovir views with respect to 
Radio Navigational Systems for Ocean Going Vessels, 
and hope tnat ovir opinions as users and potential 
users may oe heipfxiL to your delioerations. 

2. According to the best information available 
at tne present time, the active United States ocean 
goirjg shipping fleet, as operated by tne U. S. Mari- 
time Commission axid private interests, consists of 
2728 vessels. Of tnese vessels tnere are 2042 dry 
cargo typo, 591 tankers and 95 passenger vessels. 

The operating range of these vessels will vary from 
those plying the coastal trades and which perhaps 
never get more than 30 mllos or so from shore to those 
assigned on distant rxins all over the world. The oper- 
ations of these vessels are controlled by companies of 
varying sizes. One company may have its sole Investment 
in one or two ships; others may have fleets of vessels 
as large as fifty or more. 

3. In most cases, the men who own these ships are 
not themselves engineers. At the same time you will 
find them, without exception, to be experts in the 
economics of transportation and the numerous problems 
of the sea. And because the electronic developments 

of recent years are not yet in general usage, the aver- 
age shipowner is unfamiliar with them. His approach 
to these new devices, therefore, although sympathetic, 
will be one of questioning from an operational point 
of view. 

4. On the other hand, those of us in this gathering 
are supposed to know the> answers to questions concern- 
ing the new electronic developments. That is, in fact, 
the reason for this meeting - to discuss problems coin- 
cident with them. But to the shipowner, the man who in 
the last analysis must be the one to determine what 
equipments he is going to purchase and Install aboard 
his vessel or vessels, the terras Radar, Loran, Consol, 
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G-ee, Popi, Decca, et cetera, do not mean anything. 

For the most part he doesn’t know what these devices are 
nor what they can do. And he wants to be sure, when ho 
buys one of them, that he is getting something that will 
"pay off” in one way or another. He wants to be sure 
that each equipment placed aboard his ship has a maximum 
of usefulness. 

5. No one will take issue with the fact that the 
main purpose of commercial shipping is to transport 
persons and goods from one point to another as economi- 
cally and safely as possible. Aside from its social 
implications, safety enters into the problem primarily 
for the reason that, if things went wrong habitually, 
ocean transportation would cease to be economical. IIo 
ono will blame the shipowner, then, for wanting to be 
assured of the economic usefulness of these new devices 
whose names mean nothing to him - before he can be ex- 
pected to commit himself concerning them. 

6. I think then - regardless of whether he would 
express his feelings in these same words or not - that 
the average shipovmer would establish as a basic re- 
quirement for electronic aids to navigation systems for 
ocean going vessels, the requirement that the device or 
system will 

a) enable the ship to do something it couldn’t 
do before ; or 

b) enable the ship to do better, something 
which it did before in another way; or 

c) that it Increase safety. 

Further, that it must obtain any or all of the above 
within an economically justifiable cost. 



7. In reviewing the reports of otir first meeting 
in London last Spring I have been struck by the fact 
that, of the half dozen or so new electronic devices 
which came up for discussion, shipboard radar is the 
only device which is self sufficient. The entire equip- 
ment and all phases of its operation are contained 
aboard ship. Basically, it does not depend upon the 
utilization of shore devices although beacons and re- 
flectors can be introduced as a valuable adjunct, 

8. I think this fact is important because in a 
large measxire it serves to explain why the shipowner 
is comparatively more enthusiastic about its use than 
any of the other devices. It also serves to explain 
why, even in its present state, installations can be 
made and operational usage developed independent of 
definite agreements, international or otherwise, con- 
cerning a standard device to meet all operational needs. 
The point I am trying to make is, that of all these new 
devices, shipboard radar is peculiarly adapted to in- 
dividual acceptance or rejection without the intro- 
duction of outside considerations. True, there must 

be some agreement concerning beacon frequencies and 
associated shore devices before the ultimate in ship- 
board radar can be obtained upon a world-wide basis, 
but in the sense that it can fvinction independently of 
such devices it is already an acceptable world'^wide 
marine aid to navigation. 

9. When I say that shipboard radar is already an 
acceptable world-wide marine aid to navigation I do not 
mean to imply that we have accepted any particular type, 
or standard of specifications. Because of the nature 

of things these will have to bo determined over a 
period of time. Wo are sure, however, that the final 
determination of the operational usage of radar has not 
yet been fully reached, 

10. You will hear later on in the meeting of the 
detailed analysis and thorough experimentation on this 
very subject which has been carried out by the operators 
of commercial shipping in oiir Great Lakes region. I 

am sure that you will be Impressed, just as we have been, 
by the completeness of the operational research pro- 
gram In connection with the requirements of the type of 
vessel and navigational problems peculiar to those 
waters. For our part, we have had to handle the prob- 
lem of examining the radar requirements of high seas 
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shipping in a difi'erent way. We are concerned with 
n\imerous types and classes oi’ vessels operated ior 
various purposes and traveling mider different con- 
ditions tnroughout the world. This diversity of piir- 
pose and condition may well lead to the development 
of radar requirements not now considered. Neverthe- 
less, the requirement for adequate anti-collision 
protection will not change. Faced with the dally 
safety of thousands of lives and millions of dollars 
worth of cargo we have had but little alternative as 
an Industry but to put on our radars where they will 
do the most good as a safety aid. This is being done 
voluntarily, and with the realization that what we 
have today may not be what we will want tomorrow. 

This, I might add, is the only method by which we can 
hope to obtain the operational information which at 
some future date can be presented as representing 
over-all requirements; or, as determined, the specific 
requirements for specific piirposes. 

11. It might be of some interest to this meeting to 
know that as of the present time there are over one 
hundred commercial shipboard installations aboard 

U. S. vessels; and that if our statistics mean any- 
thing, new installations are going aboard at the rate 
of 20 or 30 a month. At the same time, steps are being 
taken by the National Federation of American Shipping, 
to acctunulate information concerning the operation of 
these Installations. Among other things it is hoped 
that - based upon the cumulative experience of ship- 
owners now using radar - answers to the following 
questions can be obtained for the benefit of the ocean 
going shipping Industry as a whole : 

a) Why is it being installed; 

b) what uses is it being put to; 

c) how is it working out, and 

d) the economic benefits to be derived from 
its usage. 

12. Although we would like to have had something 
more concrete to present in this respect, it must be 
recognized that it will take some time to accximulate 
sufficient operational information to arrive at specific 
conclusions. This information, although interesting, 

is not necessarily vital to the success of the present 
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meeting. Tne immediate questions with respect to radar 
which appear to be of most importance to this meeting 
are ; 

a) Whether there is a necessity for the allo- 
cation of more than one frequency band for 
the operation of shipboard radar, and 

b) whether provision should be made for the 
operation of associated shore devices. 

13. A great deal has been said concerning the rela- 
tive merits of different frequency bands for radar opera- 
tion. Specific information on this subject will no 
doubt be furnished dviring the course of those meetings. 
The point of view of ocean going shipping is that, for 
an interim period until the operational aspects of ship- 
board radar can be thoroughly tried out under all con- 
ditions, provision should be made for the International 
allocation of three separate frequency bands for this 
purpose in the regions of three-centimeters, five-centl- 
meters and ten-centimeters. We feel that equipments 
shoiild be manufact\ired to operate on each of these bands 
in order that a thorough examination of their respective 
merits can be obtained over a period of years under the 
wide variety of usages occurring in high seas shipping 
operations. 

14. I will not go into any detail concerning the 
associated shore devices of radar. Suffice it to say 
that, although the safety or anti-collision element of 
shipboard radar is recognized, the complete explora- 
tion of operational uses can not be made without exam- 
ination of the associated shore devices. For this 
reason we feel that for any period during which pro- 
vision is made for the operation of shipboard radar 
equipments in several frequency bands, similar pro- 
vision should also be made for the operation of asso- 
ciated shore devices. It is our opinion that it is 
only through a complementary system of shore devices 
that the maximum utilization of radar for navigational 
purposes can be e3q)ectod. 



15. This brings us to a consideration of medium 
range navigational aids. Except perhaps for certain 
specialized types of vessel operation, the require- 
ments for medi\im range navigational aids would appear 
to be met by a combination of shipboard radar and 
shipboard radio direction-finding; and xmder some 
conditions these two devices tend to replace each 
other for this purpose. 

16. Because radar is still in the process of grow- 
ing up, it would be both difficult and foolisli to 
attempt to predict at this stage whether it can or 
will ever completely replace radio direction-finding 
as a medliim range aid to navigation. For one thing, 
shipboard radio direction-finding equipments are them- 
selves subject to Improvement both as to acciiracy and 
speed of interpretation. For another, they are useful 
at greater range. A final item in their favor is the 
ability to track. This has its safety Implications 

in those cases where one ship in distress must depend 
upon another for rescue. 

17. On the other hand it may be found that by the 
use of appropriate shore devices, radar charts, and other 
facilities, the utility of radar can be extended to 
meet all coastwise navigation and landfall require- 
ments. If this should be found true, its complete 
replacement of direction-finders as a navigational aid 
could then be seriously considered, at least for coast- 
wise shipping. This would leave the safety or mutual 
assistance factor to be met, possibly by a strong 
shore-based search and rescue organization, utilizing 
direction-finding netvrorks and search aircraft, 

18. It is recognized that among other newly developed 
electronic devices there are some that are considered 
mediiim range aids to navigation. It is also recognized 
that they are capable of doing an excellent job. But 
from the shipowners point of view, do they really ful- 
fill a need? Shipboard direction-finding equipments 
have been in use for many years. Procedures and freq- 
uencies have been standardized. Shipboard direction- 
finding is, in effect, the only marine radio aid to 
navigation system in general usage throughout the 
world at the present time. Ninety percent of all of 
our sea going vessels are equipped with radio direction- 
finders. And they have Insteiled them voluntarily. 

I will predict that over a period of years they will 
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accept shipboard radar with the same enthusiasm. 

Our navigating personnel are thoroughly experienced 
in the use of direction-finding equipments, and are 
rapidly becoming versed in the operation of ship- 
board radar. Any additional equipments for medixim 
range purposes would seem to be unnecessary, particu- 
larly as the two in use already tend to overlap each 
other in certain functions . 

19. Now the point to be considered here - and it 
is one entirely of economics - is that the shipowner 
would get no additional return sufficient to Justify 
the installation of any of the other new electronic 
devices as a medium range aid alone. Or to put it 
another way, they Just don't meet our basic require- 
ment. The only conclusion that can be drawn from this 
is that, until the full capabilities of radar for 
navigational purposes can be explored, the average 
shipowner will continue to look upon shipboard direction- 
finding as his primary medium range aid to navigation 
system. 


-u- 


20. In a broad sense, with the exception of radar, 
all of the new electronic devices under discussion at 
this and our previous meeting attempt to perform a 
common navigational function. This is particularly 
true of the medium and long range aids. They differ 
from each other with respect to the equipments and 
methods used for the performance of that function. 
However, they all have one thing in common. Each one 
of these devices, at least in its present form, 
depends upon a specific type of shore installation 
and a specific type of ship installation. Now it is 
an inescapable fact that when the usefxilness of a 
shipboard equipment is dependent upon shore installa- 
tions over which the shipowner has no control, he is 
going to be very cautious about investing in one until 
the need for service is amply demonstrated. 

21. I feel sure that the need for service is much 
less with respect to long range aids to navigation than 
with respect to medium range aids. The ftirther a vessel 
is from shore, the less need exists for frequently fix- 
ing a position. Likewise, the speed in fixing a 
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position is of less importance. I also feel svire that 
the need for service with respect to long range aids 
is of less importance to surface shipping than to 
aviation. Nevertheless there is a need for service. 

;Vith respect to the U. S. System - LORAN - a number of 
shipboard installations have been in regional use for 
months aboard privately owned and operated vessels. 

A much greater number are in use, or are being installed, 
aboard government owned vessels operated by our com- 
mercial shipping companies. Our deck officers receive 
training in its operation. Hie shipovmers, as users, 
would like to see the uncertain situation regarding 
long range aids clarified, and would welcome the estab- 
lishment of any system for joint use v/ith aviation. 

But they have noted the failure on the part of aviation - 
even with an international organization of their ovm - 
to come to any clear cut and final decisions for a 
world-wide long range navigational system. Therefore, 
it is only reasonable to expect that although the ad- 
vantages of long range aids are recognized, the shipowners, 
as a group, will refrain from wholehearted acceptance 
of any long range navigational systen. until they can 
be assured both as to its permanence over a period of 
years,' and the ability to use it over a wide area. 

22. It is recognized tliat standardization v/ith 
respect to long range aids to navigation presents a 
most difficult hurdle. Standardization requires the 
closest kind of international coordination and agree- 
ment, and in many ways involves matters of national 
policy and economics which go beyond technical con- 
siderations. Ilov/ever, from the marine point of viev/ 
it does not appear that the primary consideration in 
the selection of long range aids can or should be left 
entirely in ovir hands. Let me explain that this v/ay. 

It is hard to conceive of the selection of any long 
range system for aircraft which would not be usable by 
ships. And for economic reasons there should be no 
duplication of long range aids as between the two ser- 
vices of aviation and marine. 

23. Now I do not intend to infer that we, at a 
marine meeting of this sort, should sit back and say 
to our aviation people and to the International Civil 
Aviation Organization, "The problem is entirely yours". 
Not by any means. There are certain things we can do, 
and should do. From the users point of view I would 
suggest the following specific items as considerations : 
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a) The needs of surface shipping for a long 
range aid to navigation are not sufficient 
to justify the establishment of facilities 
for this piirpose, on a world-wide basis, 
for use by the marine services alone. 

b) The establishment of long range aids to 
navigation for use by surface shipping can 
be justified only if predicated upon a 
joint use by other services. 

c) It is essential that marine usage be con- 
sidered as a factor in the selection of 
any long range air aid to navigation. 

Failure to do this would have the effect 
of removing the advantages of long range 
navigational service from the possibilities 
now open to shipping. 

24. Whether these considerations are acceptable as 
final conclusions or not is beside the point. The 
important thing, it seems to me, is that we should 
arrive at some conclusions with respect to long range 
aids at this meeting; and to pass them on to the govern- 
ments and aviation interests as representing our opinions 

25. Now here we have the crux of the matter I think. 

We mortals have attempted to rival with o\ir electronic 
devices the power of the moon and the stars and the sun 
as position fixing aids. And I think that Insofar as 
producing workable equipments are concerned we have 
succeeded. But in one respect we have failed - at least 
up to the present time - and that failure has been in 
connection with ovir inability to effect v/orld-wide 
standardization of the most suitable of these new de- 
velopments. 

26. With this in mind I place a challenge before the 
meeting. Collectively we have been brilliant enoxagh 

to develop these electronic tools of service - let us 
collectively be clever enotigh to resolve the difficulties 
that now bar the way to their universal usefulness. 


EDWARD C. PHILLIPS 

ACTING DIRECTOR OP TELECOMIUNICATIONS 
NATIONAL FEDERATION OF AlffiRICAN SHIPPING 
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THE USERS VIEWPOINT ON RADIO NAVIGATIONAL 


SYSTEMS FOR OCEAN GOING VESSELS 


Siiinitiary of Conclusions 


1 . Basic Requirement 

The average shipowner would establish as 
a basic requirement for electronic aids to 
navigation systems for ocean going vessels, the 
requirement that the device or system will 

a) enable the ship to do something It 
couldn't do before; or 

b) enable the ship to do better, some- 
thing which It did before In another 
way; or 

c) that It Increase safety. 

Further, that It must obtain any or all of the 
above within an economically justifiable cost. 

2. • Radar 


For an Interim period until the operational 
aspects of shipboard radar can be thoroughly tried 
out under all conditions, provision sho\ild be made 
for the international allocation of three separate 
frequency bands for this purpose in the regions 
of three -centimeters, five-centimeters and ten- 
centimeters. 

For any period during which provision is 
made for the operation of shipboard radar equip- 
ments in several ' frequency bands, similar pro- 
vision should also be made for the operation of 
associated shore devices. It is only through a 
complementary system of shore devices that the 
maximum utilization of radar for navigational 
piirposes can be expected. 
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3. Medium Range Aids to Navigation 

Until the full capabilities of radar for 
navigational purposes can be explored, the average 
shipowner will continue to look upon shipboard 
direction-finding as his primary medium range aid 
to navigation system. 

hong Range Aids to Navigation 

Although the advantages of long range aids 
are recognized, the shipowners, as a group, will 
refrain from wholehearted acceptance of any long 
range navigational system until they can be assured 
both as to its permanence over a period of years, 
and the ability to use it over a wide area. 

Specific considerations: 

(a) The needs of surface shipping for a 
long range aid to navigation are not sufficient to 
justify the establishment of facilities for this 
purpose, on a world-wide basis, for use by the 
marine services alone. 

(b) The establishment of long range aids to 
navigation for use by surface shipping can be justi- 
fied only if predicated upon a joint use by other 
services. 

(8) It is essential that marine usage be 
considered as a factor in the selection of any long 
range air aid to navigation. Failure to do this 
would have the effect of removing the advantages of 
long range navigational service from the possi- 
bilities now open to shipping. 

5. Challenge 

Collectively we have been brilliant enough 
to develop these electronic tdols of service - 
let us collectively be clever enough to resolve 
the difficulties that now bar the way to their 
universal usefulness. 
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ABSTRACT 


This paper describes briefly the Great Lakes Radar Operation- 
al Research Project carried out during 1946 under the auspices of 
Lake Carriers' Association. Lake, river and passage navigation Is 
found to require radar which will serve three functions, namely, (1) 
collision prevention, (2) position finding In open waters, and (j) 
navigation combined with collision prevention In confined waters. 

The requirements for all purpose navigational radar capable of serv- 
ing all three functions are set forth as they were developed for the 
Great Lakes with comment regarding the similarity of these require- 
ments for open water, river, passage and harbor navigation elsewhere. 

(This paper Is based upon the complete report on "Great Lakes 
Radar Operational Research Project" copies of which are available to 
those attending this conference. Since the slides and Illustrations 
used are some of those appearing In the large, more comprehensive re- 
port, the same figure numbers have been used. Not all figures are 
included In this paper nor do they always appear consecutively. } 
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THE APPLICATION OP MARINE RADAR TO LAKE. RIVER 
AND PASSAGE NAVIGATION 


1. At the International Meeting on Radio Aids to Marine Navi- 
gation held In London In May, 19^6, It was my privilege to describe 
the Great Lakes Radar Operational Research Project, work on which at 
that time was Just being Inaugurated. Today, almost one year later, 

I am pleased to be able to present to this conference the results 
which have been obtained. 

The Great Lakes Radar Operational Research Project 

2. The operational research studies I will describe were carried 
on under the auspices of Lake Carriers' Association, an organization 
representing 318 large bulk cargo freighters of United States regis- 
try operating on the Great Lakes. Shortly following the close of 
navigation In 1945, the Association secured the cooperation of six of 
the principal United States radar manufacturers In a project designed 
to develop by field study the requirements for all purpose naviga- 
tional radar for the Great Lakes and similar waters. These companies 
were: General Electric Company, Radlomarlne Corporation of America, 
Raytheon Company, Sperry Gyroscope Company, Inc., Western Electric 
Company, Incorporated and Westlnghouse Electric Corporation. Six 
steamship companies, members of Lake Carriers' Association, were pair 
ed with the six radar manufacturers. Each of the steamship companies 
selected one of Its largest vessels for the studies and on this ves- 
sel In each instance was Installed a radar set designed and developed 
by the radar manufacturer working with it. 

3 . The results obtained by the season's testing of the six radar 
units were studied Individually by the navigating personnel of the 
radar equipped vessels, by engineers of the manufacturers, and col- 
lectively by representatives of the steamship companies and by Jansky 
& Bailey, consulting radio engineers for Lake Carriers' Association. 
Copies of the complete report describing the project and setting 
forth the conclusions reached are available to those attending this 
conference. Included In the report are specifications for Great 
Lakes all purpose navigational radar. 

4. The Great Lakes which lie between the United States and Can- 
ada are five In number. Fig. 1 shows a chart of the Great Lakes. 

The total area of the lakes and their connecting waters Is 95*l60 
square miles (246,655 km^). Navigation Is possible for comparative- 
ly large vessels throughout the lakes and as far east as Ogdensburg, 
New York, and Prescott, Ontario, on the St. Lawrence River. Piu?ther 
details with respect to the character of the lakes and connecting 
waters, the length of season of navigation, the types of shipping, 
the kinds of cargo carried, and the density of traffic, are contained 
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in the complete report already mentioned. 

5. As the studies progressed. It soon became evident that a 
ship-borne radar set Is a multl-use device. More specifically, It 
became clear that as an Instrument of navigation radar Is capable 
of performing three separate and somewhat distinct functions. 

a. The prevention of collision In open waters under 
conditions of poor visibility. 

b. Accurate position finding In open waters under all 
conditions of visibility. 

c. Navigation and the prevention of collision In 
rivers, harbors and passages under conditions of 
poor visibility. 

6. Next, It became desirable to define for the Great Lakes the 
areas and regions throughout which each of these three functions 
would be performed. Pig. 8 Is a second chart of the Great Lakes 
designed to permit an analysis of the functions radar can serve in 
navigating these waters. This chart shows (1) the areas In the open 
lakes more than I5 miles (24 km) from shore, (2) the areas In the 
open lakes less than 15 miles (24 km) from shore, and (3) the rivers, 
passages and connecting waters. 

7. An adequate all purpose radar can be used for anticollision 
purposes In the open lakes throughout both the areas beyond I5 miles 
(24 km) and those within this distance of shore. Such a radar can 
also be used for accurate position finding at all times within 15 
miles (24 km) of shore and during a fairly large percentage of the 
time at distances considerably beyond this limit. The third func- 
tion, namely, navigation In confined waters. Is confined to rivers, 
harbors and passages. 

8. Since an all purpose radar Is a multi-function device, more 
specifically a three function device. It Is possible to analyze the 
requirements for each function and to set them down separately. The 
requirements may then be consolidated so as to specify a device 
which will serve all three functions. 

9. The use of radar for the prevention of collision, position 
finding and navigation in confined waters can best be described by 
the aid of photographs of the Plan Position Indicator, that Is the 
PPI, presentations obtained aboard Great Lakes vessels. 

The Anticollision Function 

* 

10. In open waters a well designed radar will Identify the loca- 
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tlon of nearby vessels and permit a determination of the courses 
they are travelling in sufficient time to prevent collision. The 
reflections on the FPI which indicate the presence of large vessels 
are quite pronounced and easily identified. The detection of the 
presence of smaller vessels is not so easy but nevertheless even 
this is not too difficult. 

11. Pig. 9 is a chart of the vest central portion of Lake Erie. 
Pig. 10 is a PPI photograph taken aboard a vessel located as shown 
on Pig. 9* The direction of the ship's head is the direction of the 
bright line shown on Pig. 10 drawn from the center to the left to 
zero on the azimuth scale. The concentric circles on this photograph 
are fixed range rings and the distance between them represents ^ miles 
(8 km). Therefore, the total range shown on the PPI is approximately 
35 miles (56 km). 

12. The bright spots appearing on the photograph indicate the 
presence of other vessels. Directing attention to the area within 
the third circle, that is, the area within 15 miles (24 km) of the 
vessel, it can be seen that there are 9 bright spots Indicating the 
presence of 9 vessels. Two of these, distant approximately 7*3 niles 
(12 km) and 40*^ on the starboard bow, are quite close together. To 
prevent collision, attention should first be directed to the move- 
ment of the reflections indicating the presence of nearby vessels. 

With bad visibility conditions, the maximum range shown on the PPI 
would be changed to I5 miles (24 km) in which case the area within 
the third range circle would occupy the entire PPI. With the move- 
ment of these ships under constant observations appropriate steps 
could readily be taken to prevent collision. 

The Position Finding Function 

13. When within approximately I5 miles (24 km) of shore in the 
open lakes a well designed radar on the proper frequency is admirably 
adapted to the accurate determination of position practically 100 per 
cent of the time. It can also be used for this purpose a very large 
percentage of the time at distances considerably beyond 15 miles (24 
km) when propagation conditions are favorable. Position finding by 
radar is made possible by the fact that shore configurations. Islands 
and large fixed objects give pronounced reflections providing they 
lie within range. In Fig. 10 there are shown reflections from large 
portions of both the northern and southern shore line of Lake Brie. 
There is also present a pronounced reflection from Pelee Island 25 
miles (40 km) ahead. Cooqparlson of the configurations of the shore 
reflections on Fig. 10 with the chart, Fig. 9 > makes possible the 
identification of points. Islands, bays, etc. These having been 
identified their distance and bearing may be measured by the use of 
appropriate ancillary devices. The line previously referred to ex- 
tending from the center of the PPI to the left is called the heading 
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marker and is produced by electronic means. The parallel lines and 
azimuth scales shown on Fig. 10 are drawn on transparent material 
mounted directly over the PPI. This assembly may be rotated by hand. 
One of these lines coincides exactly with the position of the heading 
marker and this Is called a bearing cursor. At the top of Fig. 10 
there Is a marker, fixed In position, called the lubber line Indica- 
tor. This can be seen at 99 ° on the outer azimuth scale which 
corresponds to 261° on the Inner azimuth scale. 

14. At the time the photograph. Fig. 10, was taken the electronic 
PPI circuits were Interlocked with the gyrocompass control. Under 
these conditions of operation the reflections from shore are always 
correlated with the chart. That Is to say, the direction of the 
lubber line Indicator Is always north, the direction of the ship's 
head being Indicated by the direction of the electronic heading mark- 
er. This type of presentation is called "true" and Is most useful 

In position finding. 

15. If the interlocking control with the gyrocompass Is absent or 
disconnected, the top of the picture, that Is the direction of the 
lubber line Indicator, is always the direction of the ship's head. 
This Is called a "relative" presentation. It Is preferred by many 
navigating officers In rivers and narrow passages. 

16. In Fig. 10, with the bearing cursor superimposed on the head- 
ing marker, the direction of the ship's head may be read from the 
lubber line Indicator. This direction Is 261°. The distance to 
Point Pelee on the Canadian shore may be determined by counting the 
fixed range rings. Its distance Is 20 miles (^2 km). If the bearing 
cursor were rotated so that It passed directly over the tip of point 
Pelee then the relative bearing of this point could be determined 

by reading the angle between the bearing cursor and the electronic 
heading marker. This would be found to be 21°. The "true" bearing 
of Point Pelee could be found with the bearing cursor In this posi- 
tion by a direct reading on the Inner azimuth scale against the 
lubber line marker. This would be found to be 282®. 

17. The parallel lines appearing upon Fig. 10 are not standard. 
They are useful in certain navigational situations. To Illustrate, 
the first parallel line to the north of the heading marker on Fig. 

10 Is removed 7 miles (11. 3 km). Since this line passes just across 
the end of Point Pelee It Is evident that If the vessel maintains 
Its present heading without drift It will be 7 miles (11. 3 km) off 
Point Pelee when abreast. 

18. Fig. 10 Illustrates the two basic requirements for accurate 
position finding which are (1) reflections from a sufficiently large 
portion of the shore line to permit the identification of shore con- 
figurations, and (2) the ability to make accurate measurements of 
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bearing and distance. 

19« The outstanding advantage possessed by radar as a position 
finding Instninent is the comparative ease with which bearing and 
distance can be determined simultaneously as contrasted with other 
methods now In use. When the "bow and beam" method of fixing posi- 
tion Is used the speed of the vessel must be known and time Interval 
between 43 and 9^ degree relative bearings to a fixed point must be 
determined. Position finding with a ship-borne radio direction find- 
er necessitates the taking of cross bearings upon two or more fixed 
radio stations and the plotting of these bearings upon a chart. In 
contrast, with a radar set properly designed and equipped for the 
accurate taking of bearings and the measurement of distance, position 
may be determined Instantly. Frequently, propagation conditions will 
be such that the position finding function may be performed out to 
the maximum range of the radar provided there Is shown on the PFI a 
sufficiently extensive portion of the shore line to permit the Iden- 
tification of shore configurations. 

20. For position finding It Is Important to be able to select the 
range scale for the PPI best adapted to the navigating situation at 
hand. The two charts and four radar photographs shown In Figs. 11 to 
l6 Inclusive Illustrate the use of radar for position finding In ap- 
proaching Duluth Harbor at the western end of Lake Superior. Range 
scales of 20, 10, 5 and 2 miles (32, 16, 8 and 3.2 km) were used. 

In each case the range selected was the one best adapted to yield the 
most accurate Information on the vessel's position. When Fig. 12 
was taken the ship was 17 miles (27*4 km) from Duluth Harbor. When 
Fig. 16 was taken the ship was 0.6 miles (O.97 km) from the entrance. 
From here In, the vessel faced the problems of confined water naviga- 
tion where the 2 and 1 mile (3.2 and 1.6 km) range scales prove most 
useful. 

Radar Navigation In Rivers, Passages and Harbors 

21. The safe progress of a vessel proceeding through rivers and 
narrow passages Is dependent upon the location of objects In Its 
Immediate vicinity. These may be lighthouses, beacons, buoys, points 
of land, etc., or they may be other vessels either anchored or under 
way. Therefore, there Is no basic difference between the use of 
radar for prevention of collision and for position finding In con- 
fined waters. Fundamentally, what Is required under poor visibility 
conditions Is the prevention of collision at close range with objects 
some of which are stationary and some movable coupled with Identifi- 
cation of those objects by their relative position. 

22. Fig. 17 Is a portion of the chart for the northbound channel 
In the St. Marys River west of Neeblsh Island. Fig. I8 Is a radar 
photograph of the same area when the radar equipped vessel was loca- 
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FIG 14 FIG 15 FIG 16 

SMALL PORTION OF CHART FOR WEST- RADAR PHOTOGRAPH WESTERN END OF RADAR PHOTOGRAPH WESTERN END OF 

END OF LAKE SUPERIOR LAKE SUPERIOR. RANGE 5 MILES DISTANCE. LAKE SUPERIOR. RANGE 2 MILES DISTANCE. 

BETWEEN RANGE RINGS I MILE BETWEEN RANGE RINGS I MILE 
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FIG 20 fig 21 FIG 22 

CHART OF A PORTION OF WHITEFISH RADAR PHOTOGRAPH WHITEFISH RADAR PHOTOGRAPH WHITEFISH 

BAY IN LAKE SUPERIOR BAY BEFORE TURNING TO ENTER BAY AFTER TURNING TO ENTER 

BUOYED CHANNEL -4 MILE RANGE. BUOYED CHANNEL. 4 MILE RANGE, 

IMILE BETWEEN RANGE RINGS I MILE BETWEEN RANGE RINGS 



ted as shown by the upper arrow on Pig. I7. Here the range scale is 
2 miles {3.2 km). The land configuration around Stribling Point is 
clearly recognizable. There is a vessel following astern, distant 
1.2 miles (1.9 Ion). The 2 mile (5.2 km) range scale permits a quick 
survey of buoys and traffic in the vicinity of and above Stribling 
Point where a turn must be made to the left. However, precise control 
of the vessel would be easier with the range scale adjusted for a 
majclmum range of 1 mile (1.6 km) as shown on Pig. I9. (This photo- 
graph was taken a few minutes before Pig. 18, the vessel being at the 
position shown by the lower arrow on Pig. I7.) In Pig. 19 the inten- 
sity of the electronic heading marker has been reduced to permit a 
better showing of the two pairs of buoys ahead. Note the reflections 
from the aft end of the 605 foot (I85 m) ship carrying the radar. 

The vessel astern is Just to the left of a buoy and distant 0.9 mile 
(1.45 km). 

23. Pigs. 20, 21 and 22 illustrate the value of a range scale of 
the order of 4 miles (6.4 km) in waters somewhat less confined than 
those portrayed in Pigs. I8 and 19. Pig. 20 is a portion of a chart 
of Whlteflsh Bay at the eastern end of Lake Superior. Pigs. 21 and 
22 are radar photographs taken aboard a vessel downbound in Whlteflsh 
Bay. Fig. 21 was obtained Just before the vessel turned to the left 
to enter a channel 1000 feet (305 m) wide. Pig. 22 was obtained Just 
after the turn had been completed. It can be seen that the heading 
marker and the bearing cursor lie between the pairs of buoys ahead. 

The photograph shows that there were no large vessels in the channel 
ahead for a distance of at least 2.5 miles (4 km). The next step in 
navigating this channel under conditions of poor visibility would be 
to first reduce the range to 2 miles (3.2 km) and later to 1 mile 

(1*. 6 km) as the more confined waters are entered. 

24. The terminus of the channel the vessel was entering is the 
locks at Sault Ste. Marie. Pig. 23 shows a portion of the chart for 
this area. Pig. 24 shows a PPI photograph of the same area taken 
with the 1 mile (1.6 km) range scale in use. The vessel was approxi- 
mately three-fourths of a mile (1.2 km) from the pier which divides 
the entrance to the two groups of locks. 

Use of Radar to Show Density of Traffic 

25. During the course of the radar studies on the Great Lakes 
there was a PPI photograph taken on Lake Huron at a time when propa- 
gation conditions were such as to show reflections from shore and 
from ships at distances out to 65 miles (IO5 km). Figs. 4 and 5 
show this photograph and a chart which was prepared from it to show 
the density of traffic along the courses travelled on Lake Huron. 

The positions of 44 vessels are shown on the chart and in the photo- 
graph. 
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CHART PREPARED FROM RADAR PHOTOGRAPH RADAR PHOTOGRAPH USED TO PREPARE CHART 

SHOWING DENSITY OF TRAFFIC ON LAKE HURON. SHOWING DENSITY OF TRAFFIC ON LAKE HURON 



Factors Affecting the Capabilities of Marine Radar 


26. An Important factor affecting the maximum range of a radar 
Is Its peak pulse power. Its ability to detect the presence of ob- 
jects at close range is determined by the width of the transmitted 
pulse and certain other characteristics of the electronic circuits. 

The degree to which the PPI presentation Is geometrically correct and 
free of distortion is dependent upon the "sweep linearity". Satis- 
factory sweep linearity also contributes to the accurate measurement 
of distance. 

27. The degree of resolution possessed by a radar Is determined 
partly by the width of the transmitted pulse which affects range 
resolution and partly by the horizontal width of the radiated beam 
which affects bearing resolution. (Resolution may be defined as the 
ability to portray two objects close together, as for Instance, two 
ships, by separate reflections on the PPI. The closer the objects 
for a given distance from the radar without their reflections merg- 
ing Into a single spot, the higher the degree of resolution.) 

28. The horizontal width of beam radiated from an antenna, or re- 
ceived by It, Is dependent upon the physical dimensions and design of 
the anterjia. The size of an antenna necessary to produce a sufficient- 
ly narrow beam for a high degree of resolution Is a function of fre- 
quency. The higher the frequency the smaller the physical dimensions 
can be for a given width of beam. Therefore, as a practical matter 
the choice of a radio frequency for radar operation Is a matter of 
great importance in determining the degree of resolution which can 

be obtained. I 

Requirements for Collision Prevehtlon 

29. The minimum requirements which a radar must possess If its 
use Is to be limited to the prevention of collision In the open 
waters are comparatively few and not difficult to meet. A maximum 
range of I5 miles (24 km) will be sufficient except on a ship having 
a speed of 30 miles (48 km) per hour or greater where warning of the 
presence of a ship I5 miles (24 km) distant would not be sufficient. 

For ranges as limited as this, high power will be unnecessary. Ex- 
cluding use for position finding and for confined waters navigation, 
a high degree of sweep linearity and the ability to show reflections 
from objects as close as 300 feet (91*5 ®)» will be required. Since 
for collision prevention in open waters high resolution Is not need- 
ed, either the 10,000, 5,000 or 3,000 megacycle bands will be satis- 
factory. A radar limited In design to the minimum requirements for 
collision prevention should be used only for this purpose. Attempts 
to perform other functions with It might produce unfortunate results. 
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Requirements for Accurate Position Finding 

50. A radar properly designed for accurate position finding will 
not only serve this function but It will also do a better antlcolll- 
slon Job than one which barely meets the minimum requirements listed 
above. The attributes which are Important for accurate position find- 
ing are as follows; 

a. Sufficiently high power and range capability to re- 
produce enough of the shore line on the PPI to permit 
the Identification of land configurations. (To Iden- 
tify the location of points on land distant I5 or 20 
miles (24 or 52 km) It Is desirable to have a range 
capability of 40 miles (64 km).) 

b. Proper range scales so that the correct range adjust- 
ment may be made for the situation at hand. (After 

a point on shore has been Identified by correlating 
as much of the shore line display with the chart as 
can be seen by using a long range, a shorter range 
adjustment should be selected for the measurement of 
bearing and distance. A very satisfactory series of 
range scales for position finding Is 4, 8, 20 and 40 
miles (6.4, 12.8, 32 and 64 km).) 

c. A high degree of sweep linearity and high accuracy In 
the calibration of the fixed range rings. 

d. Accurate and easily manipulated azimuth rings and 
bearing cursor with proper illumination. 

e. Circuits for the "tnie" form of PPI presentation 
and a control for shifting instantly from "true" to 
"relative" and vice versa. 

f. The availability of a variable range Indicator cali- 
brated In appropriate units. 

g. High bearing and range resolution with particular 
emphasis on the former to permit the taking of ac- 
curate bearing and distance readings. 

These requirements are severe but easily within the capabilities of 
the art today. It does not appear that they can be met by radar units 
with antennas of reasonable size operating on the 3,000 megacycle 
band. It Is doubtful If they can be met on any frequency below the 
10,000 megacycle band. If position finding radar Is to serve Its full 
usefulness it must produce substantially as accurate results as other 
methods for determining fixes. 
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Requirements for Radar Navigation In Rivers , 

Passages and Harbors 

31. For confined waters radar navigation both high bearing and 

range resolution are Imperative. It Is not difficult for a well 
designed 10,000 megacycle band radar Installation to pick up standard 
lighted buoys at six miles (9-^ km), standard unllghted metal buoys 
at 4 miles (6.4 km) and to differentiate between such buoys 300 feet 
(91.5 >n) apart at a distance of 1 mile (1.6 km). While a minimum 

range down to 300 feet (91-5 nr) Is satisfactory, a still lower mini- 

mum range would be valuable In some situations. 

32. If the use of radar Is to be limited to confined waters, as 

for Instance, Inland rivers, then the longer ranges and the higher 
power necessary to produce reflections on the PPI at these ranges are 
unnecessary. A very satisfactory series of range scales Is 1, 2, 4 
and 8 miles (1.6, 3.2, 6.4, and 12.8 km). (Note the overlap In 

function as the 4, 8, 20 and 40 mile (3.2, 6.4, 32 and 64 km) ranges 

have already been defined as most useful for position finding. 

Consolidated Requirements for an All Purpose Radar 

33. If the requirements for both accurate position finding and 
river and passage navigation are satisfied, a completely adequate 
radar for the prevention of collision will result. Such a radar will 
have adequate power to give a range of 40 miles (64 km) under favor- 
able propagation conditions, a high degree of range accuracy at the 
medium and long ranges, high resolution, a minimum range limit of 
300 feet (91-5 ni) and a sufficient number of range scales so that the 
proper one may be selected without too great a change In the propor- 
tions of the PPI picture In shifting from one range position to an- 
other. The unit will be equipped with a variable range Indicator, 
well designed azimuth scales and bearing cursor and adequate controls 
to enable the adjustment of the circuits to secure maximum efficiency 
under all conditions of use. 

The Importance of Apparently Minor Mechanical Features 

34. An Important function of operational research Is to direct 
the attention of the designing engineer to seemingly unimportant 
mechanical characteristics of apparatus which under test proved to 
affect seriously the efficiency of use. The 1946 Great Lakes Radar 
Operational Research Project furnished many Illustrations. 

35. Undue parallax between the bearing cursor and the face of 
the PPI tends to destroy accuracy of bearing measurement. Even so 
simple a fault as unsatisfactory azimuth dial Illumination may com- 
pletely vitiate the use of radar for position finding. The effec- 
tiveness of control knobs and switches is vitally affected by their 
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accessibility, shape, grouping and ease of operation. In fact, the 
entire usefulness of the device In the hands of those who must oper- 
ate it is dependent upon the care and attention given these purely 
mechanical details. Operational research directs attention to minor 
mechanical flaws, thereby enabling the manufacturer to correct them 
before embarking upon quantity production. 

Application of the Results Obtained from the Great Lakes 
Radar Operational Research Project to the General Marine 
Navigational Problem 

36. The operational studies described in this report were under- 
taken to develop the requirements for radar for Great Lakes naviga- 
tion only. It is recognized that climatic conditions, character of 
seas and other factors on the Great Lakes may be quite different 
from those encountered at certain other parts of the world. There- 
fore, the relative emphasis on the functions performed by radar may 
be different elsewhere. This should be considered In applying the 
conclusions given here to other waters. 

37* Analysis of a typical 891 mile (1,434 km) trip from Conneaut, 
Ohio, on Lake Erie to Duluth, Minnesota, on Lake Superior, a much 
travelled course on the Great Lakes, shows that (a) 30 per cent of 
the time the vessel will be in the open lakes more than I5 miles (24 
km) from shore, and (b) 50 per cent of the time It will be in the 
open lakes but within I5 miles (24 km) of shore, and (c) 20 per cent 
of the time It will be In rivers, channels, and confined waters. 

This means that on such a trip a properly designed and built radar 
will be available (1) 80 per cent of the time for the prevention of 
collision under conditions of poor visibility, (2) at least ^0 per 
cent of the time for accurate position finding regardless of condi- 
tions of visibility, and (3) 20 per cent of the time for navigation 
and the prevention of collision in confined waters. The reason these 
percentages add up to more than 100 per cent is, of course, that 
when a vessel Is in the open waters but within I5 miles (24 km) of 
shore radar can perform simultaneously as a position finding and an 
anticollision device. A study of the courses travelled by the Great 
Lakes vessels will show other percentages of the same order of magni- 
tude. An analysis of the courses travelled by coastwise vessels and 
by vessels navigating courses such as those between the United States 
and Alaska will show somewhat similar percentages with probably less 
emphasis on navigation at distances more than I5 miles (24 km) from 
shore . 

38. The most general type of itinerary Is, of course, one In- 
cluding all three classes of waters, namely, [ 1 ) open waters more 
than 13 miles (24 km) from shore, (2) open waters less than 15 miles 
(24 km) from shore, and (3) confined waters. If a ship's itinerary 
Is limited to two classes of waters, then these will be (2) waters 
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less than 15 miles (24 km) from shore and (3) confined waters. 

This suggests that an all purpose radar. Intended for the most uni- 
versal use, should provide adequately for position finding and for 
navigation In confined waters. In so doing It will automatically 
provide anticollision protection. 

Conclusions 


39. The following general conclusions have been reached as a 
result of the Great Lakes Radar Operational Research Project: 

a. Radar Is destined to become not only an Important 
safety device but a major Instrument of navigation 
for lake, river and passage navigation. 

b. Since a marine radar Is an Instrument of navigation. 
Its operation and use must be placed directly In 
the hands of those responsible for the control of 
the ship, that la, the ship's navigating officers. 

c. In addition to Its great value as a safety device 
a properly designed radar, capable of performing 
efficiently all three of the functions described in 
this report, will greatly expedite the movement of 
vessels upon which It Is Installed. It Is not un- 
reasonable to expect that the value of time saved 
by the use of an adequate radar Installation will 
pay for Its cost In a comparatively short period of 
time. 

d. The complete requirements for radar Intended for 
lake, river and passage navigation which must be 
met by equipment taking the fullest advantage of 
the present state of the art are severe. However, 
these requirements are not radically different from 
those which should be met by an all purpose radar 
for general navigation on the oceans or elsewhere. 

e. For accurate position finding and navigation in 
rivers and passages high resolution and maximum 
range in picking up buoys and other aids to navi- 
gation are required. It does not appear that, for 
the Great Lakes at least, this severe requirement 
can be met on a practical basis on frequencies be- 
low the 10,000 megacycle band. 

f. Obviously, a radar designed to meet the severe spec- 
ifications necessary to produce a set for all pur- 
poses will be more expensive than a set which only 



partially meets these specifications. However, 
this Increase in cost is small when measured in 
terms of the superior capabilities and greater use- 
fulness of the more adequate equipment. If a radar 
manufacturer attempts to reduce the cost of his 
product by eliminating certain functions, then the 
value of his product is, in all probability, reduced 
in far greater proportion than the price he must 
charge for it. 

40. In addition to the immediately tangible results of the Great 
Lakes Radar Operational Research Project which find expression in 
the conclusions set forth in this paper and the more complete report 
it is hoped that these studies will indicate the desirability of a 
similar attack in the application of new scientific knowledge to 
large scale use in various peacetime Industries. 

C. M. JANSKY, JR., 
JANSKY & BAILEY, 
Washington, D. C. 
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ABSTRACT 


This paper presents a non-technical analysis of certain 
existing marine radio navigational devices and systems, together with 
their present and prospective possibilities and limitations as applied 
to the needs of small craft. 

A division is drawn between pleasure boats and small com- 
mercial vessels, in considering their respective requirements for these 
navigational aids. 

Specific problems encountered by the vessel owners, research 
engineers, and equipment manufacturers, are presented, together with, 
in some cases, suggested solutions. 
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R&DIO m\ IGaTIOHaL a.ms FO.: biJALL GRAFl’ 


Introductory 

1. For the purpose of considering the needs of electronic aids 

for small craft, such craft must be divided into two categories, 
namely, those engaged in any marine operation the object of which is 
to produce revenue, and those operating without this objective, such 
as pleas^ire boats. It is impossible to discuss the subject without 
giving recognition to the wide distinction that lies betvreen pleasure 
and commercial vessels in their respective needs. The pleasure craft 
operator naturally is concerned with the safety of his vessel, but he 
is not necessarily going to be enticed into the expenditure of any 
considerable amount of money for devices by the arguments that night 
influence their purchase by the commercial ship ov/ner. The latter 
can compare the cost of installation and operation again.3t the poten- 
tial monetary savings to be derived, and thus can cuickl^' deteri'iine 
whether the device is indispensable to his vessel, iherefore, let us 
first consider the needs of small boat ovmers, and by that I mean 
pleasure craft not over sixty-five feet in length. In the United 
btates we have at present approximately 430,000 of these boats refgis- 
tered, with many thousands of others documented, burely this offers 
a large and fertile field in v/hich to cixltivate better safety at sea, 
and it is also one which the progressive manufacturer should keep in 
mind when planning tlae work of his research laboratory. 

Radio Telephone - ftlsfla^rg. Praft) 

2* It would appear that far too little attention has been de- 

voted to research and development in the field of radio communica- 
tions. A reading of the report of the meeting in London last 

year disclosed that there has been an excellent utilization of radio 
telephony and radar in connection ydtli navigation and docking in the 
Ltersey Fiver at Liverpool, also, radio communication was briefly 
touched upon by Sir Robert 'watson-»*att in iiis summarizing of tne re- 
sxilts of that nieetdrg. In his summation he admitted tliat there had 
been a neglect of radio communications due to the necessity for a 
devotion of attention to reidar and navigational aids. aXioting from 
his speech, he said, "Had v/e spared 20‘/o of the effort from these 
navigational aids to effecting a corresponding revolxxtion in the com- 
rmxni cation of intelligence over radio channels, vre woxild have made 
another gift to the transport world that v/oxxld irnve been comparable 
in importance to tiiat which has been conveyed by the navigatioixal 
aids . " 
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3« In reading that speech I find that a distinction v/as made 

betxveen radio conununication and navigational aids, yet to ny niind 
there should be none, and I add, tiiat I believe a radio * phone to 
be one of t’ne most important navigational devices with ivhich a 
small boat can be equipped, as I vinderstand the function of an 
aid to navigation, it is intended to bring the vessel safely to 
its destination, liowever, if the boat-owner finds his boat to be 
in a condition of distress such as might be caused by motor fail- 
ure, damage to rudder or propeller, thereupon these other aids - 
compass, sextant, direction finder, radar, loran - these have no 
value to him, but his radio 'phone becomes a navigational aid 
tlirough which he cm summon assistance to bring him safely to his 
destination. Toss overboard l.he rest of his aids, but leave him 
his 'phone - his one link i^itii safety, he doesn't even need to 
know Ids location jjn calling for assisTance, for tne h/F shore 
net can attend to that pliase - can locate him and within a few 
moments furnish an accurate fix to rescuing craft. 

4. So, for the small vessel, v/hether being operated for 
pleasure or profit, the radio 'phone is one indispensable device 
with which each boat should be equipped, boatmen are rapidly 
recognizing this, as witness the statistics supplied by the 
Federal Cororaunication Commission. In 1940 there were approxi- 
mately 2,000 radio telephones in operation on linited dtates 
civilian ci’aft. Last year, diiring the one month of September, 
there v;ere more than 500 radio telephone licenses issued. In 
addition to the models novf available, there v/ould app-ear to be 
the need for a small, inexpensive, single ciiannel radio phone for 
very small craft. It should liave lov/ po^/er-consumption and be 
sturdy and well shielded against salt v/ater corrosion. Such a 
set would be designed to coniriauiicate only with t.ie Coast Ouard, 
and its use v/ouid be restricted to emergencies. There should be 
a ready acceptance of this by ov/ners of small boats, especially 
those boats with single motors. 

hledium Frequency Lirection Finders - ( Pleasure Craft) 

5. Again using the premise that the value of a navigation- 
al aid to the pleasvire boat owner is measvired in terns of the 
assistance it will afford him in arriving safely at his destina- 
tion, it v/ouJ.d appear that next in importance and practicality 
among electronic navigational devices is the shipborne neditiu 
frequency direction finder. This is not by any means si nev; device, 
for twenty-five years ago it v/as being accepted by yachtsmen as a 
useful aid. It is perliaps vmfortunate that the shroud of n^^'^stery 
which enveloped the wartime development of other electronic aids, 
stimulated the imagination of the average boatman to where he now 
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expects ndradles from these aids, and overlooks the exceptional 
woi*th of the direction finder as an instrument with which to check 
otlier methods of piloting or navigation, or as a means of obtaining 
bearings in rain, fog or snow, 

6. It would be interesting to know the percentsige figure rep- 
resenting the relationship between the total number of small boats 
in use and those equipped with radio direction finders. I venture 
to hazard the statement that the stirface here has scarcely been 
scratched. In the more than tv/o decades in which it has been avail- 
able, v/1^ has there not been a more general use of this wsition 
finding system on sraall craft? Frankly, I believe that the manu- 
factvirers were not alive to the sales potentialities of this field, 
and the technical and production engineers, follov;ing the line of 
least resistance, directed their attention to the development and 
production of devices for larger vessels. Had stress been given to 
simplifying the equipment, reducing size and weight artd lowering 
price, liiere would tod^' be many more sraall craft found with direc- 
tion finders aboard, 

7. From information at hand it would appear that tliere has been 
very little development in radio direction finders for small craft 
during recent years, Available ro table loop, low frequency types 
present nothing new over pre-war design, dome instruments now have 

a magnetic compass incorporated within the loop, making it possible 
for the navigator to coordinate the radio bearing witli the ship's 
steering compass, which would appear to be a desirable refinement 
particularly on a small boat having limited crew personnel. A.nother 
improvement is the fixed loop automatic direction finder using elec- 
tronic sv/itching and meter type indication. Present prices for this 
type of device do not indicate it will be readily accepted by owners 
of small craft. However, its desirability is unquestioned, for.it 
furnishes much greater ease in obtaining bearings and provides free- 
dom from ambiguity. To encourage the production of these the United 
States Coast Uuard has recently modified many of the prominent 
radio beacons so tliey will emit continuous radio frequency energy 
during the period they are transmitting, with keyed modulation for 
the ch6a*acteristic identifying signal. Previous practice was to key 
the radio frequency carrier so that between signals the automatic 
direction finder indicator would not hold on a steady bearing. 

8. The operation of radio direction finder receivers is com- 
paratively simple. Some models have a mec?ianical compensator to 
automatically comnensate for deviation, and although b/F bearings 
are arcs of a great circle and require no correction when plotting 
on gnomonic charts, the same bearings can also be used without cor- 
rection on Ivlercator charts for distances of less than fifty miles. 
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Currently manufactured models are sturdy in construction and well 
sealed against salt water corrosion, both of these features being 
desirable on small boats owing to the rough treatment they are apt 
to receive. However, it has been found that the purveyors are not 
always prudent enough to Impress upon the buyer the necessity of 
meticulous installation with concurrent care in compensation and cal- 
ibration. As a consequence, numerous boat oT/ners have quickly become 
dissatisfied, not knowing imtil too late that the instrument was in 
error. 

9, Some manufacturers have taken a step in the right direction 
and have given added appeal to the direction finder for the yachts- 
man, by the incorporation of circudts for shifting to broadcast and 
conmunication frequency bands. In this way a navigational aid, not 
only brings in I.'./t' directional bearings but also serves as a means 

of receiving entertainment on the standard broadcast band of 550-1500 
kes, as well as news and weather reports on the 2 to 3 me communica- 
tion band. The question might be raised as to why a navigational 
‘device should also be called upon to emit the strains of a dance band, 
and the answer is "space", Never yet lias a small craft been designed 
with sufficient space to satisfactorily hold all of the yachtsman's 
gear and equipment, and that is why I made the statement that a step 
had been taken in the right direction in manufacturing this combina- 
tion receiver. Let uc hope that it is only tne first step of many, 
for there would appear to be no reason v/hy there should not be fabri- 
cated a combination of direction finder and radio telephone trans- 
mitter-receiver, And I'll even go beyond this and ventvire a predic- 
tion (and I'm informed bj teclinicians tliat it is witliln the realm of 
possibilities) tlmt a depth finder could also be included in the com- 
bination, 

Depth Fitidera - Craft’) 

10. The necessity of a depth finder for small pleasure craft 
might be questioned. Its value from the standpoint of safety in 
navigation is too v/ell recognized to dwell upon, but except on the 
larger yachts th6>re has been no wide acceptance of Lh' s device due 

to the fact that the price has appeared high in relation to the advan- 
tages to be obtained. Jt'leasure craft engaged in sport fishing, how- 
ever, possess a distinct advantage throvigh the utilization of a depth 
finder. And parenthetically maj’’ I say, at this point, that in any 
consideration of the needs of small craft, those of the sport fishing 
industry must not be ignored, according to recognized authority, the 
sport fishermen of the bnited Htates, in the pursxxit of this pastime, 
expend one billion, two hxmdred thousands of dollars eacn year. It is 
estimated that there are in this coiaitiy twelve million fishermen, six 
million of then licensed, and that these devotees have over six billion 
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dollars invested in boats, for tne operation of which they spend six 
himdred million dollars yearly, 'ihe State of Florida alone estimates 
that its piscatorial attractions bring tv/o million fishermen into 
the state each year, and no inconsiderable numbep of these visitors 
charter local s].x)rt fishing boats for which they pay a daily fee of 
from v45*00 to ^^100, 00. Ihese charter boats may well be included in 
any consideration of vessels operating for revenue, and navigational 
aids such as direction and depth finders v/hich will assist their 
operators in reaching fertile fishing grounds are devices with which 
these boats should be equipped, 

S&dar ■* (^iQftsyrg Graft) 

11, The average yachtsman is interested in radar and position 
finding by means of radio as applied to navigation at sea. Obtaining 
a fix from celestial bodies from the relatively stable bridge of a 
ship is quite a different matter from attempting the same* thing from 
the storm-tossed deck of a small bout. .•>.lso, of interest to the 
yachtsman is anything which maj’’ add to the safety of his vessel, and 
now, with but a modicum of information regarding the advantages of 
shipborne radar equipment, he wants to know hov/, when and where he 
may secure for his boat this all seeing electronic eye through which 
he may discern approaching ships Oi* navigational dangers irrespective 
of any impediments to optical vision, suc'n as fog, J'ain or darloiess, 

12, iiowever, it appears extremely unlikely that there will be 
any extensive installation of radar aboard siaall pleasure craft for 
some time to come, notwithstanding the added factors tf> be gained by 
the use of this tiicro-wave radio detection system. Ihe high cost of 
the device v/ill deter most boatovraers from its purchase, although it 
vdll be installnd on some of the larger yaclits bj’* owners who recog- 
nize its hit h value as an anti-collision and navigational aid, and 
are willin,'' to pay a price wnica is toaa^' beyond the reach of the 
average small boat ovmcr. 

13, jif'ain, this natter of coot to the boat ov/ner leads one to 
wonder whether the radar manufacturers are not neglecting a fertile 
field in apparently ignoring the needs of small craft, how raanj'’ 
present owners of expensive automobiles advanced to this ownership 
through a succession of progressively higher priced cars? and how 
typical it is for the owner of a small boat to sell it eind acquire 
a larger and more expensive one, iilectronic navigational aids to 
the average pleasure boat owner are nev;, mysterious and untried 
gadf^ets, and he will conduct operational research upon them only when 
their cost nas been considerably reduced from tlie present level. 
Therefore, why should not efforts be exjxsnded in the development . of 

a low priced radar, even though there has to be a sacrifice of such 
desirable qualities as liigh resolution, great precision and low 
minimum range? If it were procurable, there would undoubtedly be 
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a demand for such a radar, desifrned primarily for use as an anti- 
collision device. It should be small in size, light in weight and 
require a minimum of power. The antenna could be a simplified 
Yogi type rather than the parabolic, and might be manmlly operated. 
Although a P.f.I, scope would be preferable, eui A scope would suffice, 
^iihile it is true that the instrument as a navigational aid would have 
very definite limitations, it should be useful in a distance range 
of 3 to 10 miles down to 500 yards, with a range accuracy of 300 
yards and a bearing accuracy of 5 degrees and on targets from the 
size of a good-sized buoy. Not only would it have a value in the 
avoidance of collisions with obstacles at sea, but it would also 
serve as a raeans of acquainting the yachtsman with the potential- 
ities of this member of the electronics family. Ouch an association 
might well create in him a desire for the acquisition of other and 
better members of the same family. 

Commercial Vessels 

14« Up to this point we have been contemplating the possibil- 

ities of electronic aids to navigation, but only as applying to 
pleasure craft. Now let us consider them in the light of their needs 
and value to small vessels being operated for revenue - such vessels 
as harbor craft, ttigs, barges, ferries, small coastal freighters and 
passenger ships, small tankers, fishing boats and trawlers. .<'hile 
the owners of these vessels are concerned with the safety of ship, 
cargo, crew and passengers, there are other ponderables to be consid- 
ered when arriving at a decision as to whether any or all of the radio 
navigational aids may be appropriate for a specific ship, a delayed 
arrival in port may mean but little to the pleasure boat owner, but 
it may spell the difference between a profit or a loss to the owner 
of a commercial vessel. The disastrous result of his retarded voyage 
will show up in the red figures upon the ledger, therefore, to the 
ship ovmer operating for revenue, it is a "must" that he investigate 
the possibilities of these navigational devices in order to determine 
whether or not the\' are indispensable to him, irrespective of their 
cost. 

Radio Telephone - (CpppgrsiLaJ. Vgggeils) 

15, The radiophone has become recognized as requisite equipment 

not only for transoceanic vessels, but for harbor, coastwise and fish- 
ing craft. Frequencies being used by these small vessels are in the 
2 to 3 me band with power of the order of 5 to 100 watts. Operation 
has been simplified, qviartz crystal-control of transmitter frequencies 
being customary rather than master oscillator, thus permitting the 
operator by means of a switch to change from one frequency to another, 
and to resonate the antenna for each, for the set's inherent qualities 
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do not permit it to stray from the prescribed frequency tolerances. 
Kefinements such as the selective ringing system and the ''VGDaS" cir- 
cuit are being more generally used, and power consumption has been 
reduced through the use of improved but smaller tubes. Quick heating 
tubes are also an improvement over the old type. 

16, already the frequency bands allocated to radio communication 
are bursting at the seams and it becomes increasingly obvioxis that 
steps must be taken to relieve the overburdened channels of ship-to- 
ship and ship-to-shore communications on the 2mc band. VHF trans- 
mission on the 152-162 me band may be the answer, yet since this is 
only useful on distances equal to or a little greater than the line 
of sight, its use at the present stage of the art must be restricted 
to harbor craft or those operating within 25 to 30 miles of the coast, 
leaving the -tF and HF radio telephone spectrum space available for 
craft that operate at greater distances at sea, 

Pfigyi - (CgmagrgJLflJL Vgg^gls) 

17, ••hereas it may be felt that the depth finder is a naviga- 
tional aid of limited use, there is one type of commercial vessel 
upon which it is invaluable equipment, and that is fishing craft. By 
the use of this aid the fishermen are enabled not only to more quickly 
locate their fishing grounds, but actually to catch more fish through 
the underv/ater knov/ledge which is conveyed to them by this instrument, 
an indicator gives them the exact depth of the water beneath the keel 
and a recorder can supply continuous graphs showing the nature of the 
sea bottom and its contours. Exhaustive tests also have demonstrated 
the value of depth finders in actually detecting schools of fish. 
General development of this aid has been toward simplification, de- 
crease in size, weight and pov;er consumption, although not a cheap 
device, its cost should not be a deterrence to its purchase by the 
fisherman, for it will probably return its cost, many times over. 

Medium Frequency, i^irection FlMers - (Commercial Vessels) 

18, Medium frequency direction finders have been found aboard 
small commercial vessels for many years, and their worth as a position 
finding system is well recognized. The owners and operators of these 
ships, too, have heard stories of the miracles of the new war born 
electronic systems, and now wonder whether their direction finders are 
/leaded for the junlc pile. It would appear that their minds should be 
set at rest, that they should be informed that the ship borne M/i'~D/F 
is still recognized b;>' authorities as an invaluable position fixing 
instrument particularly for coastal navigation or when approaching 
harbor, also that there is no immediate danger of its being i*uled out 
by reason of obsolescence. 
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19. It is not ray understanding that medium frequency direction 
finding has ever been accepted, per se, as a navigational system. 

On the contrary it has been an adjunct to, and a check upon, other 
systems. Recent developments have not changed this picture, and 
although it is expected that later .models of receivers will contain 
refinements of new components and circuits, and that the presently 
available facilities of shore beacons will be improved and extended, 
nevertheless this radio navigational system is destined to be looked 
upon for some years to come as an indispensable aid to the mariner, 

Ra4a£ - (Commercial Vessels) 

20, High prices are limiting the use of radar by pleasure boat 
owners, but th'.s is not a factor In the case of commercial vessels, 
for here again we find that the benefits widch may accrue far out- 
weigh any possible consideration of cost. The simple, inexpensive 
radar I have suggested for the yachtsman as an anti- collision device 
would not meet the demands of the oraers or operators of small com- 
mercial ships. Radar is no longer a raystery to them, and already 
they have learned to expect it to serve not merely as an anti-colli- 
sion device, but also as a superior, I might even say "spectactilar” 
navigational aid. And radar IS spectacvilar in its ability to see 
through storm, darkness and fog. Ships, channel markers, buoys, 
natural topography, are all clearly indicated on the screen of the 
cathode-ray tube, or "scope", whether within 50 yards or 25 miles 
away, and the ability to detect these, regardless of weather, is a 
matter of paramount importance to the ship operator in his maintain- 
ing of schedules. 

21. Current commercial radar models operating in the centimetric 
super high frequency band, with narrow horizontal beam, are a great 
improvement over t’le lower frequency wartime radars, and irovide ex- 
cellent f.H.I. presentation, with reliable discrimination and remark- 
ably accurate range and bearing resolution. Scopes are equipped v/ith 
both fixed and movable azimuth scales, and a turn of the switch, 
without any adjustment, will change the presentation from one to the 
other of true or relative bearing, bhen a north stabilized true bear- 
ing presentation is shown, relative bearings are simultaneously in- 
dicated by the luminous ships heading marker on the scope. Progress 
has been made in suppressing or minimizing the \mdesirable echoes 
known as "clutter" and consisting of back-scattering radiation from 
unwanted targets such as rough seas, snow or rain, 

22, In addition to the interest displayed by the ship ovmer in 
priraarj’' radar, the development of secondary radar is a matter of con- 
cern, especially to the o7/ner of the little ship, i,dcro-wave radio beams 
used for radar transmission, and close in the spectrum to light waves, 
follow to some extent the same laws. Height of antenna largely detor- 
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mines it? line of sight, the rader horizon in miles being roughly 
1.33 times the square root of the antenna height in feet. There^ 
fore, it becomes obvious that the small vessel with short antenna 
is to some degree handicapped in attempting to make radar identi- 
fication of natural topography or navigational landmarks. Assist- 
ance may be supplied by radar aids or beacons, with the responder 
type as first choice. The worth of its instantaneous range and bear- 
ing information cannot be denied, but present high costs, plus 
fiscal economy, may preclude their extensive installation. In lieu 
of this, it is felt that some simple echoing device should be pro- 
vided such as the corner reflector (and the genius should be thanked 
who selected this appellation, instead of forcing us to refer to it 
as a "right tetrahedron with its equilateral surface removed"). These 
corner reflectors could be supplied with the means of conveying iden- 
tlfic8.tion through their arrangement in geometric pattern. Undoubt- 
edly this method will be lmpro\ed upon, in fact there would appear 
to be the opportunity for considerable research in the development of 
suitable radar beacons, both active and passive. Aleo, it is possible 
that some manufacturer may discover that an inerpeneive shiptorne 
intei'rogator-indicator for use with responder beacons may be designed 
for use on small craft. 

Position glndia.:i: Systems 

23. In discussing position finding systems for pleasure craft, 
medium frequency direction finder? and radar were considered. How- 
ever, I purposely did not mention any of the other electronic systems 
by which the navigator may detei-mlne hi? location for I felt that 
there were reasons why one or more of these systems might be appli- 
cable to the needs of beth pleasure and commercial craft. It is not 
within my pro/lnce to attempt any technical diecupslon of the relative 
merits of the major eyetems evolved from wartime rerearch, further 
tlian to compare their navigational operational characteristics. 

24. While amazingly accurate result^ are being obtained in posi- 
tion finding through the utilization of presently available electron- 
ic navigational systems, it must be conceded that the art i? still in 
swaddling clothe?, that the future will bring maiy added refincmants 
and improveraeut?, and in fact many of the devices now in use will 
become obsolete. However, the ship owner should not wait for ul- 
timate perfection, but, by his use of equipment which he can now 
obtain, he should participate in ita development and improvement. 
Laboratory research and operational rcasarch should advance hand in 
hand. And, as research continues, as it will, until such a time as 
one particular electronic navigational system siirmounis above all 
others to world wide acceptance, it would appear tnav snip ow^iers 
might well be deriving the advantages now offered by horan. 
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25. lo enuaerflte so/ae of the pavgnte^es of Lorpn - ii permits 
the navigator to detex’mine his position accurately at distances 
from the transmitting stations es great as 750 nautical miles in the 
daytime and 1400 miles at night, and under almost any condition of 
weather this accuracy will be as great as is customary with good 
celestial observations. Operation Is simple, no specialised ner- 
soimel being required, A navigator can be trained in the technique 
of Loran reception and interpretation in aa little as cne day. The 
time required to obtain a fix 1? short, usually from two to tnree 
minutes, fixes obtained by Loran are independent of other naviga- 
tional instruments such as the chronometer, sextant or compass. Head- 
ings obtained from the receiver are Interpreted in conventiel co- 
ordinates by the use of Loran charts published by the U, S. 
Hydrographic Office. No compensation or calibration of the set is 
required, for the system is so designed that the internal components 
of the equipment provide the means for self-calibration. The net- 
wor'< of transmitting stations erected by the United States Coast 
Guard now affords practically continuous coverage along both coasts 
of North America and over considerable of the sea traffic routes of 
the world, 

26. A commercial model of Loren receiver is extremely compact, 
measuring approximately 14 inches square by 25 inches deep, aud weigh- 
ing from 75 to 125 povmds. A single wire antenna suffices, and even 
on small boats the existing power supply will meet requirements. The 
cost is within the reach of all, since a Lorau receiver can be bought 
for the price of a good home radio set. 

27. . The compactness of the instrument, its accuracy, reliability, 
ease of operation and low cost would indicate that no commercial 
vessel or pleasure craft, reouiring long or medium range position 
data could afford to be without it, 

28. Vessels operating wit.hin snort distances of the coast ordin- 
arily will riOt obtain as accurate Loran position information as those 
operating at long range, since it is an inherent characteristic of a 
long range hyperbolic navigational system that attempts to improve 
coastal coverage will result in deterioration of long range coverage. 
The physical arrangement of Loran transmitting stations is such that 
certain areas provide excellent coverage even for short range, and 
vessels operating in these areas, such as fishing boats, will find 
Loran enabling them to locate off-shore fishing grounds, regardless 
of weather, within a quarter of a mile, 

29. Discussing depth finders, I mentioned their value to the 
fisherman, now we hear from the masters of vessels in the fishing 
fleets of the successful results they are obtaining tnrough the use 
of Loran. Last year a Loran receiver was installed aboard one of the 
large trawlers of the General Seafood's Boston flc.^t, end regarding 

it the ship's veteran master. Captain Tver Carlson, made the stetement 
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that he considered Loren the best thing invented since the depih 
finder end that with it he could obtain a ?• line fix v.'ithin five min- 
utes. Additional trawlers have since been similarly eouipped end 
their skippers have found it possible to become familiar with the 
system and leern its use within a few days. They report that the speed 
and simplicity of position finding permits a fix to be taken whenever 
the net is set out, and again when it is hauled about an hour end a 
half later, thus they knew the exact distance travelled, which is a 
great help in remaining on the best fishing grounds. 

30. In general, at any point along the coast, one excellent Loran 
line of position may be found, with one or more intersecting lines 
that mayr or may not form an angle sufficient to give a good fix. Upon 
leaving the coast the fix accuracy improves while the accuracy of the 
short distance aids deteriorates. For those sections of the coast 
where good uoran coverage exists, this system offers one of the best 
and most reliable means of position finding. 

Power Supply 

31. Any discussion covering the use of electronic equipment 
aboard small craft must give recognition to the woeful inadequacy of 
power supply. Boat architects and builders should so design their 
craft that suitable space would be allocated for Uie installation of 
radio n?-\ igational equipment, and also provisions should be made for 
sufficient battery capacity and auxiliary power to meet the demand 
not only for these electronic aids, but also for refrigeration, ven- 
tilation, lighting, heating, clutch and rudder controls, winch oper*- 
ation and other electrically performed functions. Here again is a 
fertile field for the progressive manufa ct\xrer , for the boating 
public is crying for an auxiliary power device which will be compact, 
sturdy, light in weight, quiet in operation, reliable, that will not 
overhea.t in restricted spaces, and will possess inherent freedom from 
hazards of fire or explosion. 

Conclusions 

32. Owners and operators of commercial ships should be inter- 
ested in investigating the potentialities of electronic navigational 
devices and systems as they may apply to the needs of a specific 
vessel, and both commercial and pleas\ire craft should consider the 
possibilities of these radio aids insofar as they may add to the 
safety of their vessels. 

33. idanufacturers of electronic equipment should be alert to 
the opportunities being olfercd them for a wider distribution of 
tneir products in the pleasure craft market. Howe/er, they must 
give recognition to the limit*>tions of space and power available on 
small boats, end they should \mderstand that a device must be so 
designed that it can be produced to sell at a price which will bear 
a reasonable rol.aticnshlp to the value of the vessel upon which its 
installation is contemplated. 
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34. It is my opinion thnt among owners of small craft of the 
United States resentment would he engendered hy any promotion of a 
position fixing system operating upon a fee basis. Being obligated 
to pay a charge for obtaining a fix would be about as popular as 
having to pay to use the beams from "» lighthouse, or to receive direc- 
tions from a traffic pellceman. 

35. I spoke ofthe necessity for laboratory research and epera^ 
tional research advancing hand in hand, and any progress in the devel- 
opment of electronic navigational aids should be of vital interest te 
the Board of Marine Instance Underwriters. Increased utilisation of 
these aids will mean lower less ratios, a matter of v/eighty concern to 
the insurance companies, and lower loss ratios should result in lower 
rates - an Important concern of the boat owner. Let us hope that the 
insurance companies will have enou^ vision, and faith in the equip- 
ment, to believe that its use will eventuate in a decrease in loss 
ratios, and that this will permit rates to be reduced now wherever 
installations are made. This shoxild serve as a stimulus and offer 
encouragement to the owner to Install the aids aboard his vessel, 
especially since the premium saving migjit eventually pay for the 
equipment. 

36. Although owners of commercial and pleasure craft of the 
United States are xindoubtedly willing to acknowledge the apparent 
value of the new electronic devices and systems, they will resent any 
attempt by constituted nithority to force the installation of these 
through legislative fiat, I believe vessel owners have a profound 
respect for the governmental agency that is at present charged with 
the responsibility of initiating and enforcing measui’es connected with 
the safety at sea of vessels, crews, cargoes and passengers. They 
look to this agency to continue its progressive program, and do not 
expect it to recommend any legal requirements for additional cnaip- 
ment until such has been tried., tested and proved thi’ougli prolonged 
and exhaustive operational research. 


W. N. ^^A1^SFIBLD 
DISIEICI CC^>lCI503E 
U. S. COAST GUABD AUXILIARY 
SEincyTH COAST GUARD DISTRICT 
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ABSTRACT 

This paper stresses the importance of training in the com- 
paratively nevf field of Electronics in the merchant marine. It 
presents an outline of the Electronics Training in Navigation given 
by the United States Maritime Commission: 

1. To Cadet-Midshipmen at the U. S. Merchant Marine 
Acaden\y at Kings Point. 

2. To Merchant Marine Officers, at U. 3. Maritime Service 
Schools at New York and San Francisco. 

3. To Radio Officers, at the U. S. Maritime Service Train- 
ing Station at Sheepshead Bay. (Ifeintenance of Equipment Only) 

A general outline of the training program is given in each 
case, with the scope indicated, as a preparation for the visits 
which are included in the program for the Delegates to this meeting. 
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U. S. MARlTIiffl COm:iSSION 
ELECTRONIC NAVIGATIONAL TRAINING PROGRAil 


1* The modern navigator, in whatever service he is engaged, 
is looking more and more to the scientist to help him in his task. 

The new electronic devices developed during the war can undoubtedly 
help to make the sea a saifer place for the transportation of pas- 
sengers and the products of peace, but they must not be allowed to 
be misused by untrained personnel. The personnel factor is the 
variable quantity in the equation, and even when the machines which 
man has made are working perfectly, a careless or negligent navigator 
may reach a wrong conclusion, and the answer instead of safety, msy 
spell disaster. Iffith this in mind, we have set up within the 
U. S. Maritime Commission’s Training Program certain courses in 
Electronics. 

2. In order to give you a "radar's eye" view of these particular 
courses, it is necessary for me to fill in briefly for you the back- 
ground, and then I will proceed at once into the detailed picture. 

In 1938 legislation was enacted which gave birth to the modern 
s5’’stem of merchant marine training which we now have, and which 
was so largely responsible for manning our huge war born merchant 
fleet of 60f000f000 tons. Since the inception of our Training 
Program in 1938 to April •!, I9U6, we graduated from our Training 
Units a total of 271, 6U6 men in all branches of training which 
includes officers and men, both deck and engine, radio operators, 
pvirsers, hospital corpsmen, stewards, cooks, bakers, river pilots, 
ship caTpenters, pumpmen, and electricians. Of this number, about 
200,000 were new men in the Industry and the remainder, already in 
our merchant fleet, were upgraded to higher positions. In addition, 
about 3*000 officers and men were trained by the United States 
Maritime Service for the Transportation Corps of the Army Service 
Forces and the other Services. 

3. I have given some statistics relative to the part which our 
training system played during the War vrhich has just ended, but I 
should like to mention the long range permanent concept upon which 
this system is based. The training system is operated by the Train- 
ing Division of the U. S. Maritime Commission, which is mandated 

by Congress to supply trained and efficient personnel to the American 
merchant marine. 

U. The Training Division has three major components, the U. S. 

Maritime Service, and the U. S. Merchant Marine Cadet Corps and the 
State Maritime Academies. 
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5. First the United States Maritime Service. Its ranks and 
grades correspond exactly with those of the Navy and Coast Guard, 
as does its pay and allowances. It is responsible for the training 
of seamen, firemen and oilers, messmen, cooks and bakers, radio 
and radar men, ships clerks, pharmacists and hospital corpsmen. 

It also trains diesel engineers, turbo-electric engineers, high 
pressure geared turbine engineers. Junior engineers, pumpmen, 
carpenters and electricians. Another, and one of the most interest- 
ing of the many phases of training is the upgrading of officers 
already at sea, and the upgrading of officer candidates from 
experienced unlicensed men. 

6. The United States Merchaijt Marine Cadet Corps trains officer 
cadets, called Cadet-Midshipmen. These high school graduates are 
selected from the nation at large, on a state-quota system, as a 
result of national competitive examinations. They are first given 
basic training for one year, and thence proceed to sea as Cadet 
Midshipmen for another year, they then return to our Merchant 
Marine Academy at Kings Point, New York, for two years of advanced 
training. Upon graduation and upon successfully obtaining a 
merchant marine license as third officer or third assistant 
engineer they are commissioned as reserve Ensigns in the United 
States Maritime sei*vice and also in the United States Navy, and 
recently Congress has authorized the award of the Bachelor of 
Science degree to our graduates who successfully complete the 

four year course. 

7. Officers are also trained by the State Maritime Academies. 
There ar« five of these State Academies. They are located in, 
and operated by the States of Maine, Massachusetts, New York, 
Pennsylvania and California, with the aid of the Federal Govern- 
ment. Their graduates are similarly commissioned as reserve 
Ensigns in the United States Maritime Service and also in the 
United States Navy. 

8. All of this training is aimed at making, and keeping, the 
United states Merchant Marine on its toes, up-to-date, speedy, 
safe and efficient. 

9. It will be our pleasure to show you our Merchant Marine 
Academy at Kings Point and our Training Station at sheepshead 
Bay, so I will only outline briefly the scope of the electronics 
training given there* 
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KIHQS POINT - CADET -MIDSHIPME5H 


(D) 

10. Cadet-Midahlpmen/of the U. S, Merchant Marine Aoadenor 
are given a course in "Electronics" of eighteen weeks duration, 
four hours each week. This course Includes electronic aids to 
navigation, as well as coinmunlcation receivers and transmitters. 
Aids to navigation Include loran, radar, the radio direction finder 
and the fathometer. 

11. The first requirement in training in electronic aids to 
navigation is that the Cadet-Midshipman learn to operate the 
equipment. He learns hy actual practice, the necessary manipula- 
tion of the controls. It is desirable that practical conditions 
he duplicated as far as possible. 

12. To this end we have Installed and have operating in the 
laboratory : 

four loran receiving sets of Sperry 
and Eadiomarine manufacture 

two radio direction finder sets of 

Eadiomarine and Marine BlMworth 
manufactvire 

also an operational demonstration of a Submarine Signal Congoany 
fathometer. A radar set. Navy model SL-a is being installed at 
the present time. This equipment is similar in all essential 
respects to commercial models being installed on merchant ships. 

13 . For preliminary loran training, idien IdeeJ. conditions 
are desirable, local, artificially-generated signals are used. 

Two pairs of simulated loran transmissions comprising four separate 
signals are available for operational practice. As the student 
progresses, he is required to obtain a time-difference reading 
from an actual loran station pair. This is pair UX), the master 
station at Nantucket, the Slave at Hatteras. The reading obtained 
is approximately 4420 microseconds for the location at Kings Point. 
Although the signals are very weak due to land Intervening between 
the transmitters and the reception point, the lines of position 
consistently plot less than one mile from the actual location. 

For advanced practical training, a night session Is held for ob- 
servation and use of slky wave signals. Sky wave signals from 
several actual station pairs along the Atlantic Coast are re- 
ceivable . 
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Ik, Practical work in radio direction finding includes the 

taking of bearings on the transmitter at Newark Airport. Al- 
though this is not a standard radiobeacon station, it affords 
strong signals receivable on the radio direction finding equipment. 

15. Cadet-Midshipmen learn from the use of this transmission 
how to recognize the characteristics of a reliable EDF bearing. 
Practice on actual RDF stations is afforded by the transmissions 
of a group on 286 kilocycles per second, Ambrose Light Shi^, 
Bamegat Light Ship, and Fire Island, and also from Cape Cod. 
Slgneils from Bamegat and Ambrose are quite weak due to the 
distance of the transmitters and transmission paths involved. 

16. The location at Kings Point is particularly good for 
the reception of loran signals and radio beacon signals. Trans- 
missions representing both good conditions and poor conditions 
are available. Perhaps those representing poor conditions are 
the most valuable, 

17. The radar antenna when Installed will be on top of 
BOWDITCfi Hall, at Kings Point on the north shore of Long Island. 

It will be possible to observe on the oscilloscope screen, echoes 
from sea-going vessels in Long Island Sotuid up to approximately 
thirty miles In range. In addition to being indicated on the 
oscilloscope screen, targets at short range will be visible on 
clear days from the operator’s position. This feature is ex- 
pected to be valuable in teaching the identification of a target 
from its scope indication. 

18. Of all the navigational aids taught at the Acadei^T^, 
the most difficult to set up in a manner simulating practical 
operation is the fathometer. We have not yet worked out a method 
of sending a supersonic signal through a few hvindred feet of 
sea-water and getting a reflection back to the fourth deck of 
BOWDITCH HallJ! We have compromised with a method by which the 
supersonic signal is transmitted in air. The signal travels the 
length of a passageway and is reflected back to the fathometer 
receiver. Operation of the equipment is essentially the same 

as if the installation were more nearly standard. 

19. Training in elementary operation of electronic aids, 
while important, is only a part of the necessary background 
Cadet-Midshipmen must have to serve efficiently. The well- 
trained mariner of the future must know a great deal more than 
the mere sequence in which switches and knobs must be operated 
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to get a desired result. The successful use of electronic navi- 
gational aids rests on an understanding of the principles hy 
which the various systems operate. 


20. Understanding of principles is necessary in oilier 

that the mariner may: 

(1) Evaluate the re 11 ability of the Information presented. 

(2) Get the maximum aid from the system even under un- 
favorable conditions. 

(3) Correlate navigational information obtained from 
electronic aids with that obtained by celestial 
methods . 


21. For example, loran lines of position possess varying 

degrees of accuracy depending on location, signal strength, 
type of signals received and other factors. Under best condi- 
tions a loran line of position can be depended on to within 500 
yards. Under extremely poor conditions, loran lines may possess 
an \mcertainty of as much as 15 or 20 miles. The navigator must 
be able to estimate the accuracy of loran information and correlate 
it with other navigational information to aivive at the best 
possible estimated position. 


22. To understand the use of electronic navigational aids, 

the mariner must understand: 


(1) The principles of radio transmission and reception. 

(2) Propagation of radio energy through space. 

(3) The effects of the ionosphere. 

(4) Atmospheric noise and interference. 

(5) Pvilelng techniques, 

(6) Functions and characteristics of electronic equipment. 


23. The emphasis here, as you see, is on the external factors. 

The factors which vary with time, location, frequency, and the 
particular system employed. These are the variables of an elec- 
tronic system. These are the factors which determine the decisions 
the navigator must make. 
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24 . Circuit oomponents and circuit operation are of minor 
Importance to the deck officer. This is the province of the 
technician. The deck officer, instead, is concerned with the 
characteristics and overall function of equipment, rather 

than with a detailed analysis. 

25. Fortunately, these basic ideas essential to the 
proper use of aids to navigation, are the same ideas essential 
to the proper use of radio communication systems. The range 

of a radio transmitter, for example, depends on the same factors, 
such as power, frequency, path of transmission, time of day, 
as does the range of a radar or a loran transmitter. Likewise, 
the minimiUD strength of signal that can he received depends on 
the same factors for a communications receiver as for a rad.ar 
or a lorem set. 

26. Therefore, an important phase of the electronic 
navigational program at the U. S. Merchant Marine Academy, is 
a study of the elements of radio communication. Emphasis is 

on the variable, external factors plus equipment characteristics 
and overall equipment functions. 

27. To this end, lectxiree and training films are presented 
in the classroom, together with assignments from the text "Under- 
standing Radio" by Watson, Welch and Eby. In the laboratories, 
receiver and transmitter models are demonstrated. Equipment 
functions are often illustrated by the use of the cathode ray 
oscilloscope. Commercial receivers and transmitters including 
lifeboat models are available, not only for specific operational 
practice, but for illustration of the underlying principles of 
communication . 


28. To summarize, the Electronic Navigational Training Program 

at the U. S. Merchant Marine Academy consists of; 


(1) Actual use of all the Important electronic aids 
to navigation \mder conditions approaching 
practicality . 


29. 


( 2 ) Study of the essentials of electronics and of 
propagation of radio energy. 

In short, /a^ background on which to build experience, 
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practical Information necessary. The course has been moulded In 
such a vay that the students will see the danger of superficial 
knowledge. Standards of equipment performance and a few Installa- 
tion pointers are covered so that the operator may check his set 
for peak performance. 

35 • The LORAU training equipment in San Francisco consists 

of three different types of LORAH receivers. There are fourteen 
DAS sets, a type used by major naval vessels during the war, and 
seven DBS receivers. This latter type of equipment is now being 
Installed in fifty-four ( 5 ^) vessels by the Maritime Commission. 

The school also boasts one DBE set which is an unusually fine 
commercial version of the shipboard gear. Two synthetic pulse 
generators round out the LORAK equipment picture in San Francisco. 

36. The Mew York unit has ten DBS sets; two are in operation 
and eight are enroute to the school. Three DAS receivers and two 
synthetic pulse generators con5)lete the equipment at the east 
coast location. The fact that several types of equipment are 
available for student training at both schools makes these coxtrses 
extremely adaptable to fit the needs of the student,, irrespective 
of what model equipment he might actuflilly operate. 

37. Iri the RADAR courses a great deal of Importance is at- 
tached to pointing out typical scope distortions as manifest on 
surface scan RADAR. One of the most ingenious of all the Navy's 
training devices has been used to show this, as part of the study 
of RADAR scope interpretation. This device is the YPR trainer — 

VER being short for Virtual, Plan-Position-Indicator, Ref lectoscope . 
A chart to the same scale as the RADAR scope picture is superlisposed 
on the RADAR pattern and by cooparlson an accxirate idea of the dis- 
tortions may be detected. The RADAR images have been taken from 
moving plctxires and stills of RADAR in operation aboard ships 
navigating coastal waters. One might call radar scope interpreta- 
tion modernistic chart work. In fact, quite a revolution in chart 
portrayal is already presaged. 

38. An imusually coii5>rehensive series of moving pictures are 
shown and aa5»le time is allowed for reading periods. The available 
literatxire includes the most advanced techniques developed by the 
services during the war. 

39. As with LORAN a "behind the panel" description is given of 
both types of Cathode Ray Tubes used in RADAR and the way in which 
several of the more common scope presentations are developed and 
generated. 

4 0. Practical hints on operation of SO military equipment 
still to be found on many ships are covered. A discussion is also 
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inclvided on the more common troubles and the nature of their remedies. 
A great variety of training aids and mock-ups have been developed 
and used at these schools. 

4l, The RADAR course in New York City includes a field trip 

to the U. S. Maritime Service Training Station at Sheepshead Bay 
where three different types of radar devices are operated. 


SHEEPSHEAD BAY - RADIO OFFICERS - MAINTENANCE 


42. An electronics training program such as I have described 
naturally divides itself into two parts; the training of deck 
officers in the use and operation of the devices, and the training 
of maintenance personnel in the mechanical and electrical adjust- 
ments of the equipment. 

43. While there is some uncertainty regarding the relative 
amounts of maintenance work to be done in port and at sea, the 
Maritime Sezrlce is instructing radio men in the elements of 
pulsed circuits with the erpectation that they will be qualified 
to perform emergency repairs at sea to radar and loran sets. 

Some 300 radio operators graduated from this course between March 
and December of last year. 

44. An Intensive course of eight weeks ‘duration was set up 
in March, 1946, at the United States Merltime Service Training 
Station, Sheepshead Bay, Brooklyn, New York. Admission to th’’ s 
school is restricted to licensed radio operators with a minimum 
sea experience of sixteen months. This school has been in opera- 
tion continuously since its Inception date, and has returned to 
the industry over 370 radio operators qualified through theoreti- 
cal and practical instruction to make minor repairs, replacements, 
and adjustments. 

45. Before closing I should like to mention our policy in 
regard to the equipping of our vessels with radio navigational aids. 
We sponsored the retention aboard Army and Navy vessels returned to 
the Commission after the end of hostilities, of the radar and loran 
installations aboard those vessels. All new vessels built by the 
Commission will be equipped with the latest commercial types of 
electronic aids. 

46. Finally, as Commandant of the United States Maritime 
Service, I take this opportunity of welcoming you aboard one of 
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our training vessels, the AMERICAN SAIIX®, on her trip to New 
London, and on her demonstration cruises. 


REAR ADmAal TEIEAIR maHT, USM5 
DIRECTS, TRAINING DIVISION 
COMMANDANT, UNITED STATES MARITIME SERVICE 
UNITED STATES MARITIME COMMISSION 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON. CONN. • • • APRIL 28- MAY 9. 1947 


A REVIEW 2F THE NAVIGATIONAL PJEQUIHELENTS ^ 
” RADIO NAVIGATIONAL SYSTSIE AVAILABLE . 
VIEflS ^ THE U.K. DELEGATION . 


1* The aim of the mariner is to navigate his ship safely and ex- 
peditiously over the waters of the earth between one port and another# 

In order to achieve this aim, the vessel must not during its passage come 
into j^ysical contact with land, floating or fixed objects, or v/ith other 
vessels. The vessel must also be safeguarded against dainage or incon- 
venience from weather# 

Safety From Contact Vyith Iand> Floating and Fixed hlavks 

2# • The mariner ^s principal concern is that at all times the ship 
should have sufficient water under her keel to proceed in safety. Any 
movement of a vessel from one place to another can be divided into all or 
some of the following stages s- 

a# Movement omI of the port or anchorage. Including passage 
down a narrow river, channel or estuary, where room to 
manoeuvre is restricted, i#e# ’‘pilotage waters’*; 

b# Movement near a coast v.here land may be in sight or 
dangerous shallow water in the vicinity but where room 
to manoeuvre is generally available, i.e# “coastal 
waters” ; 

c# Movement in the open ocean near no inmediate dangers, 
i#e# “ocean passage”; 

d# Approaching the coast, shallow waters and dangers from 
seaward, i#e# “coastal waters’*; 

e# Achieving a safe end timely arrival in the desired harbour, 
i.e. “pilotage waters” • 



In all these stages except "ocean passage", sore form of hazard 
may be in the immediate vicinity and the mariner's principal requiremoit 
is that he should know his position relative to the hazards in order to 
avoid them. On the wide open ocean, he requires to know his geograrMcal 
position in terms of latitude and longitude, 

3. The requirements for these different stages can now be considered 
in detail, 

a, "Pilotage waters" 

(a, and e, above). 

In these areas land or shallow water is in close 
proximity and by the nature of things the mariner 
is usually required to pass very close to the 
hazards. Often the water is shallow and in general 
it is essential to know the ship's position to a 
high degree of accuracy. This position must also 
be instantaneously available. The margin of error 
is small since room to manoeuvre is restricted and 
the ship can in a short space of time change from 
a position of safety to one of danger. For the same 
reasons it is essential to know that the course the 
ship is making good is a safe one. The requirement 
is for an accurate position relative to the dangers, 

b, "Coastal waters" 

(b, and d, above) , 

When in coastal waters the ship is in more open 
waters although land or shallow water tray still be 
in the near vicinity. The mariner has, however, 
greater freedom of movement. Darters are not 
normally so close as in pilotage waters smd within 
limits therefore the prudent navigator is able to 
allow a certain safety margin when clearing these 
damgers. The requirements are thus much less 
stringent and it can be stated that provided the 
mariner knows the extent of possible error in his 
position he can take this into account in allowing 
a suitable safety margin. Again, the position re- 
quired is one relative to the dangers, 

c, "Ocean passage". 

In this stage the ship may be out of sight of land 
and in deep water. In most areas there are no 


178 



dangers in close proximity* The navigator can allow 
a reasonable time in which to complete his fix. The 
mariner requires a position with sufficient accuracy 
to maintain his desired route, to keep to his time 
schedule, and to take hie ship into the coastal cover- 
age areas at a desired point so as eventually to make 
an exact landfall, 

4, It is convenient to put the above detailed requiremerits into a 

more condensed and general form so that the various systems can be canpared 
with th.ese requirements. It must, however, be stressed that any such 
general statement can be related only to a particular area by considering 
it together with the geography and, in particular, the charts of the area 
concerned. The Important information to be obtained from the charts is a 
knowledge of the depth of water and the general arrangement of land and 
dangers relative to the mariner's position. This immediately indicates 
the degree of freedom of manoeuvre enjoyed. It is first necessary to de- 
fine what is meant by danger. Any navigational aid must be equally avail- 
able for the fishing vessel and the ocean-going liner. It is therefore 
necessary to consider the deepest draught vessel and so a danger is de- 
fined as any part of the sea in which there is less than 8 fathoms of 
water. 


In pilotage waters there is little freedom of movement. The mariner 
is confined to small areas and normal channels.’ There is usually little 
water available and a high degree cf accuracy is required. In general 
terms, therefore, the depth of water will be generally less than 20 fathoms 
and the mariner is within 3 miles of the nearest darker. Ke requires to 
know his position within a circle of 50 yards radius. He also requires to 
know the course he is making good. 

In coastal waters movement will still be festricted the prox- 
imity of land or shallow water but not to such fine limits as in pilotage 
waters. Normally moderate depths of the order of 20 ftithoms to ICO 
fathoms may be ejcpected and the distance from the nearest danger should 
be between 3 and 50 miles. The position within a circle of radius mile 
would provide sufficient accuracy, higher accuracy at shorter distances 
being desirable and lower accuracy at greater distances being acceptable. 

On ocean passage the depths are' generally over 100 fathoms and the ship 
over 50 miles from the nearest danger: thus, the requirement can be 
considerably reduced, A position circle of a radius of 5 miles or of 1/fc 
of the distance from the danger (whichever is the less error) is considered 
to be desirable and to give adequate accuracy. 
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These general requlremente can be conveniently shown in a table as 
foUows;- 


CHARTbRED 

ARM 

DISTANCE 

FROM 

NEAREST 

DANOEIR 

GENERAL 

ORDFR 

OF DEPTH 

OF WATER 

ORDER CF 
ACCURACY 

OF 

POSITION 
REQUIRED 
TOs- 

CRDER OP 

TIME REQUIRED 
TO OBTAIN 

posnioN . 

Pilotage 

Waters 

Less than 

3 miles 

Up to 20 
fathoms 

/ 50 yards 

Instantaneous 
position and 
track 

Coastal 

Waters 

3-50 miles 

20-100 

fathoms 

/ mile 

3 minutes 

Ocean 

Passage 

Over 50 
miles 

Over 100 
fathoms 

/ 5 miles or 
/ lit of dis- 
tance from 
nearest 
danger which- 
ever is the 
shorter 

15 minutes 


5* The above are the general requirements vfcich cover the greater 
proportion of the seas but they can be translated into detailed re- 
quirements for any particular area only by studying that area and by 
taking into consideration a nvunber of other factors. No two areas of the 
world have exactly the same characteristics. For example, the coast may 
be "steep to", i.e* the*seabed rises in the matter of a mile or two from 
ocean depths to low water mark} it may be "steep to", with a nvmiber of 
isolated off -lying islands or reefs; or it may be shallow with or without 
nianerous dangerous submerged sandbanks. The strength of tidal streams 
and currents, the general meteorological conditions over the area (espec- 
ially the incidence of fog) and the nature of the shipping using the 
particular area (both as regards the size and type of ships and the volume 
of traffic) must also be taken into account. It can therefore be con- 
cluded that before detailed proposals for auiy particular area can be 
formulated an analysis of the factors involved in that area must be 
ceirried out# 

6, While there are no radio aids at present in existence to meet in 
full these exacting requirements, it is considered that certain systems 
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are sufficiently developed to meet them to a very large extent. Those 
which most nearly approach the requirements or are capable of being 
developed in the near future we consider should now be made available 
to the mariner. We must bear in mind, however, the need for a detailed 
area analysis before applying these generalisations to any particular 
part of the world. The mariner is concerned principally with the pos- 
sibilities of existing aids, but supports the scientist in the develop- 
ment of aids which mi^t have a future application, 

a» In Harbours and Approaches - Pilotage Waters 

The principal requirement in these areas is that 
the position and track of the ship, relative to 
the dangers should be Immediately ascertainable* 

All position fixing systems in use, including visual 
fixing, involve the obtaining of a position line or 
position lines by means of an instrument and the 
transference of these position lines to a chart be- 
fore the relative position can be obtained: the 
.requirement of position immediately available is 
difficult to meet. One system which can' partly 
meet that requirement is radar. So long as the 
dangers are substantially above water, radar will 
provide an instantaneous relative picture. If the 
dangers are hidden under the surface of the sea, 
radar, combined with a Chart Compeu*i8cn Uni t, can 
also provide a relative picture by direct comparison 
with the chart, provided that there are sufficient 
marks (including responders) above water to enable 
the chart to be lined up with the radar picture; 
this is often so in the areas xmder discussion. 

Radar provides the required accuracy, A position 
fixing system such as the Decca (See U.K, Paper 
No* 15) system will also provide the required ac- 
curacy and is particularly useful in areas where 
radar conspicuous marks ara few or non-existent 
but it cannot provide the track unless fixes are 
continuously plotted on a chart. Since it can 
provide the position more quickly than by visual 
fixing, it is considered that a combination of 
Decca and radar can meet most of the mariner* s 
requirements in pilotage waters* 

b* In Coastal Waters 

Similar arguments to those given in the preceding 
paragraphs for the use of radar hold good (within 
radar range) In coastal waters provided that there 
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are sufficient identifiable marVs above water to 
enable a fix to be obtained. In a number of areas 
in the world, however, the above ccaidition is not 
present and we conclude that it will be necessary 
to use radar in conjunction with one of the pos- 
ition fixing systems in these areas* The time 
factor is not so important and a short time lag 
whilst the relative position is obtained is ac- 
ceptable* 

Of the available position fixing systems, visual 
fixing is suitable only if permanent marks can be 
identified and, even so, is not practicable in 
conditions of low visibility, M,F D/P does not 
provide the accuracy at the ranges required to 
provide the necessary cover economically# 

Loran apprcaches the required accuracy in a number 
of coastal areas, but the extent of these areas is 
not large enough for the system to be regarded as 
giving ETifficient coverage with an acceptable ac- 
curacy for general coastal navigation. Its accuracy 
is not of the order required for intricate navigation 
of pilotage waters in harbours and their approaches, 
and this consideration points to the need for an 
additional system which might also give the required 
coverage in coastal waters. The use of Loran receivers 
may also require a measure of skilled operation and 
interpretation whidi mi^t not be available in any but 
the largest ships# 

Consol is primarily a long range aid and would need an 
uneconomic number of stations to cover adequately all 
coastal areas to the required accuracy* (See U#K# 

Paper No, lil ), 

Gee provides the necessary accuracy only in the best 
part of its cover, which is a small area, and owing 
to its limited range is uneconomical. At present 
the signals have to be lined and require a measure 
of skilled operation and interpretation, (See U,K, 
Paper No, 16) . 

Decca can provide the required accuracy over an area 
great enough to provide coverage economically* (See 
U,K, Paper No. 15) . The presentation is simple and 
does not require a skilled operator. He conclude 
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therefore that the required aid in coastal waters 
can be found in a combination of Decca and radar, 

c. In Open Waters - Ocean Passage 

The requirement in open waters is to obtain a 
geogra^ical position in terms of latitude and 
longitude. On most ocean routes dangers are not 
normally close and the time to take a fix is 
therefore relatively unimportant. Accuracy to any 
high order is not an essential. The importance of 
being able to fix the position at any instant can 
therefore be weighed against the expense and com- 
plexity of the equipment necessary to achieve this. 

Three systems are at present available which pro- 
vide adeqiaate range for use on the oceans. These 
are Standard. Loran, L/F Loran, and Consol. Both 
these /Lorans suffer in comparison with Consol from 
the dlTficulty of reading the receivers and in the 
expense of the equipment. Further, the range of 
Loran is poor in the daytime, increasing consider- 
ably by night, whereas L/F Loran and Consol have 
fairly consistent long range. Consol has the great 
advantage that it can be used with an ordinary M.F, 
receiver which would normally be carried for other 
reasons and therefore the shipowner has no outlay 
on additional equipment. In relation to other 
systems required for coastal and pilotage work, it 
is considered that the ocean requirement is of low 
priority. The existing systems do not meet the 
stated accuracy. If an ocean position fixing system 
is strongly desired economic considerations would 
dictate the compromise of using those systems which 
are primarily set up for the use of aviation. If a 
number of Consol stations were erected for air use, 
there would be a clear case for the integration of 
air and marine interests in this aid, (See U.K, 

Paper No, 14.) 

Safety From Collision With Other Vessels 

7. This requirement was fully discussed at the Ist I.M.R.A.M.N. 
Meeting and It was agreed that ship-borne radar was a firm requirement 
for anti-collision purposes. In this paper we have shown the additional 
necessity for radar for navigational purposes. We are convinced that a 
standard specification which meets both requirements is essential. Re- 
ductions in the cost of a radar set achieved by degrading the performance 
to provide only collision warning in open waters, where freedom of move- 
ment is unrestricted, are to be deprecated. The limitations of such a 
set would not be known to the Master, who might place undue reliance 
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upon it as a navigational instrument in more confined waters or in areas 
of high traffic density# This would be undesirable and may be dangerous# 

Application to Li^thouse, Buoyage and Harbour Authorities 

8# Further problems not immediately connected with the handling of 
ships but closely related thereto, arise in laying bupys, dredging 
channels, checking floating marks, hydrographic surveying, and the 
locating of brojcen ends of submarine cables; these cannot always be 
solved by radar; Indeed, numerous marks and dangers in European waters 
are out of sight of land marks* Further, in Scandinavian and Baltic 
waters and edso on the Great Lakes, the coming of Spring entails the re- 
placing of many bupys and marks which have been destroyed by ice or winter 
storms. The use of an accurate position fixing system in this work is of 
the greatest value and these problems could be largely overcome by the use 
of a system of the accuracy of Decca. 

The Economic Factor 

9# When sunalng up the ways in which the mariner’s requirements can 
be met, it is important to take the economic factor into consideration# 

The mercantile shipowner considers costs very carefully in relation to 
the free service which the mariner has had for years from the sun, moon, 
and stars, and his eyes; and will not embark on expense in providing 
special operators, intricate equipment, and special services, unless on 
balance these are shown to effect savings in operating costs# In other 
words, the cheaper we can provide adequate aids to meet the mariner's 
requirements the better the owner will be pleased and the greater the use 
which will be made of these aids# 

Conclusion 

10# We now tabulate the existing systems which come near to meeting 
the requirements, stating the areas in which they will be of most value. 


a« 

Pilotage waters# 


b. 

Coastal waters 



Ocean passage 




Consol, L/F Loran 

d# 

Anti -coll is ion # . * 



Harbour service. 
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. We conclude that the mariner's requirements are best met by a 
combination of Radar and Decca in pilotage ajid coastal waters, and that 
any requirement for an ocean aid might be covered by the use of Consol 
stations established prircerlly to assist the aviator# 
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ABSTRACT 


The considerations of radio propagation effects and required 
angular definition c^ipear to govern the choice of the optimum 
operating frequency for a navigational radar. The considerations 
in turn should be based upon the conditions under which the ship 
operates. The lower frequency is favored for cases where it is 
most desirable that a reliable maximum range be maintained and 
the high frequency is favored where high angular resolution with 
a small antenna is deemed the most Important factor. 



The choice of a frequency for a microwave radar system is 
quite a complex problem. Some of the in^ortant factors to be 
considered are propagation conditions for the different frequen- 
ciesj suitability of available components such as generators of 
power y detectors, duplexing devices, and BF plumbing; size of 
antenna system for reasonable gain and desired definition; and 
the comparative cost of systems having equivalent performances 
at the desired frequencies. 

The purpose of this paper is to set forth some of the pres- 
ent Information available concerning these factors which may 
influence the choice of a frequency. In the short time avail- 
able it is possible only to touch lightly on these subjects; it 
is hoped, however, that the net effect will be helpful. 

The first factor mentioned is propagation. It is selected 
as the first to be considered because it is the one factor which 
will not change as the art progresses or as quantity production 
makes possible economies of manufactui*e. It is the one factor 
affecting a radar system over which we have no control. 

although the present knowledge of microwave propagation is 
far from complete, there is a considerable amount of informa- 
tion available which can and should be used in the selection of 
a frequency for any type of system. Reliability of coverage 
regardless of meteorological conditions is an ioportant consid- 
eration for navigational radars, Attenuation of the signals by 
fog does not seem to be serious within the roige 3000 to 9000 mcs. 
The upper limit for such attenuation has been calculated to be 
.00U5 and .0li9 db/kn\/gnv^m3 for 3000 aid 9000 mcs respectively* 

For a two-way trip over a 10-mile range the total attenuation 
would be approximately .15 and 1.5 db for 3000 and 9000 mcs 
respectively. Attenuation due to rainfall is somewhat more seri- 
ous. The upper attenuation rates for 3000, 5000, and 9000 mcs 
respectively are .0006, .0005, and .OI45 db/km/mn/hr. For a mod- 
erately heavy rainfall (20 mm/hr) and a lO-mile range, the atten- 
uations would be approximately ,36db, 3db, and 27db for 3000, 

5000, and 9000 mcs respectively. The attenuation increases more 
or less linearly with the rate of precipitation. Since the 
energy received is inversely proportional to the fourth power of 
the range we can, in the moderately heavy rainfall, get a reflec- 
tion at 2 to 3 miles, operating at 9000 mcs eqviivaient to the 
reflection that we can obtain from the same object at a range 
of 10 miles idien operating at 3000 mcs. The dimunition of range 
when operating at 5000 mcs would be about 20^, During cloud- 
bvursts there would be an even greater dimunition of range irtien 
operating at the higher frequencies. 
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Back scattering of radar energy by precipitation increases 
as the frequency is increased. Quantitative results are diffi** 
cult to obtain but operational results have borne out qualita- 
tively the theoretical considerations of this problem. The 
Office of Naval Research is sponsoring at Westinghouse Labora- 
tories research which is intended to lefd to quantitative 
information concerning back scattering from rain at microwave 
frequencies. , 

Back scattering from the surface of the water also increases 
as the frequency is increase 1. In general, reflections from 
objects masked by scatterers of energy can more easily be dis- 
tinguished when the resolution of the radar set in both range and 
azimuth is improved. 

Under conditions of anomalous propagation the higher fre- 
quencies are somewhat more likely to be affected. If the duct 
height is small the higher frequencies are more likely to be 
trapped with a consequent increase of range. To take full advan- 
tage of these siurface ducts it is desirable to moxmt the antenna 
at a height of 50-75 feet above the water line. Under substandard 
conditions, however, such an antenna height is a disadvantage 
since the maximum range will be decreased to a greater extent 
than in the case of a normal antenna height. TThen the duct is 
high or the substandard condition extends well above the surface 
of the water there will be no significant difference between the 
performance of the different frequencies for a given antenna 
height. 

The development of components during the last few years has 
been rather intensive and at present the equipment problem is 
not greatly different for the different frequencies in question. 

The 3000 mcs equipment has been in service longer and still is 
considered more rugged and reliable by some engineers in radar 
work. The wave guide sizes are larger and the attenuation in the 
guide is somewhat lower. V^ave guide fittings, TR tubes, and ATR's 
can be made to lower tolerances for 3000 mcs so manixfacture should 
be somewhat cheaper. 

Improved methods for production of magnetrons has made it 
possible to closely control the frequency at which they operate. 

This fact, in conjxmction with the broadbanding of many of the 
RF components has made it possible to greatly decrease the number 
of tuning adjustments necessary to operate a radar system at top 
efficiency. 

As we move to higher frequencies even though the transmitting 
magnetron and local beating oscillator percentage frequency stability 
may remain unchanged, the actual frequency deviation in cycles 
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per second will lnci*ease thereby putting more severe demands 
upon the receiver AFC system. Along this line it has been pos- 
sible in the laboratory to keep two 9000 mcs klystrons operating 
sufficiently closely together in frequency to maintain an audio 
beat note in a receiver. Naturally any improvements made in 
equipment for use at the higher frequencies can also be made in 
equipment for use at 3000 mcs so that any advantages it now holds, 
such as a smaller wave guide attenuation, a slightly lower 
receiver noise figure, and perhaps a greater ruggedness, it will 
no doubt continue to hold. 

In the case of navigational radars, these considerations do 
not seem to be the most important ones, but perhaps they should 
be kept in mind. 

The higher frequencies definitely have the advantage when 
the problem of bearing resolution vs. antenna size is considered. 
At 9000 mcs a given beam width may be obtaine d vdth an antenn a 
having~onlv~~one-third t he dimen sions of a 3000 mcs antenna~^iv- 
ihg the same res olution T" ^ co nversely wjth the sgiie~¥rze~antenna 
o perat£orr~aV^00Q mcs will permit^ a' beam one-third as wide as can 
be Obtain ed at 3Q0b mcH 

In "The Advisory Minimum Specifications" issued by the United 
States Coast Guard, the beam widths recommended for 9000 mcs are 
2^ in the horizontal plane and l5° in the vertical plane. Assum- 
ing an antenna area efficiency of 60^ the antenna required would 
be approximately 36 inches across and 5 inches high. For 3000 mcs 
the recommended beam widths are 1;° in the horizontal plane and 35° 
in the vertical plane. This would call for an antenna approxi- 
mately 60 inches across and l5 inches high. The beam width in the 
vertical plane can be reduced to h° or 5° if desired, but in this 
case the antenna must be stabilized. At the present state of the 
art it is probably more economical to use higher power to offset 
the effect of the lower gain achieved when using a wide vertical 
beam. 


When making a choice of frequency under the conflicting 
requirements of light weight, high definition, ease of upkeep, 
and dependability it should be kept in mind that propagation 
conditions as well as the bearing resolution offered by a given 
size of antenna are fixed when the frequency is chosen and that 
future progress will make no change in these factors. 

The decision must be made then between three desired quali- 
ties: {!) propagation unaffected by precipitation, (2) high 
angular resolution to permit navigation in restricted waters, and 
(3) sn antenna of reasonable size. The ultimate outcome will no 
doubt be decided taking into consideration the area in which a ship 
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operates; for exanqplet is It more desirable to have consistent 
long-range operation on the open sea xmder all mather condi- 
tions; or is it more important that the ship be able to negoti- 
ate a narroir channel in all states of visibility, although under 
some conditions the maximum range of the radar 'will be on the 
order of a mile or two'i Only after ell these questions are 
answered can the best cnoice of frequency be made. 

Information regarding attenuation of energy by precipita- 
tion and fog was taken from OSRD Report 'WPG-11 of May 19U5« 


Vf, B. Bernard 

Commander, USN 

Office of Naval Research 
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ABSTBACT 


This paper presents an outline of the action taken to 
produce a set of marine Badar specifications which are now in 
use in the United States. It further presents a review of the 
commercial Badar equipment which will he demonstrated during 
the IMMBAB meeting with comments regarding the general use of 
a shipboard Badar. 
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U . S . ANTI-COLLISION AND NAVIGATIONAL BADABS 


1. From the Inception of the art of object detection by 
the use of electronic devices, the Government, manufacturers of 
Badar and shipping Interests of the United States have been aware 
of Its potentialities as an adjunct to navigation. The ability to 
detect objects during periods of low visibility has such obvious 
advantages that It Is unnecessary to discuss them here. Suffice 
it to say that continuous coordinated efforts have been made by 
all to adapt the war-born electronic devices to the requirements 
of peace. It was apparent from the first that fisdar equipments 
could be utilized by merchant vessels to assist them In navigat- 
ing the vessel, particularly in piloting, as an added safety de- 
vice to prevent collisions, and as a means of materially decreasing 
average transit time between ports, 

2. In the United States the Coast Guard has been delegated 
the responsibility for disseminating pertinent da-ta on Badar to 
interested parties and for coordinating, in an advisory capacity, 
the development activities of those concerned. Early in the post- 
war period consultations were held between manufacturers, potential 
users and interested government agencies to determine the moat 
suitable characteristics as applied to the science of navigation. 

In this connection, considerable research and experimental work 
was done with 3GM and lOCM band Badars Installed on vessels of the 
International Ice Patrol and on vessels operating along the coastal 
and inland waters of the United States. The data thus obtained was 
carefully analyzed, together with that obtained from such sources 
as the Navy Bureau of Ships, Naval Besearch Laboratories, Massachtk- 
setts Institute of Technology and electronic equipment manufactur- 
ers, and Incorporated into a "Tentative Advisory Minimum Specifi- 
cation for Merchant Marine Badar." This Preliminary Specification 
was presented to a gathering of approximately 300 representatives 
of various interested groups. As a resTilt of their criticisms and 
suggestions the Specifications were revised. As the art of Badar 
detection progressed continued revisions to the specifications were 
issued, the latest revision being that issued on 1 August, 1946. 
These have been widely published and the details are contained in 
the document "Electronic Navigational Aids", which has been made a 
part of the records of this meeting, 

3. The Advisory Minimum Specifications have been used by 
manufacturers and potential purchasers of Badar on a purely volun- 
tary basis. The specifications have served, mainly, to reflect the 
operational and technical experience and knowledge of the Coast 
Guard and other government agencies and to make that experience 
available to commercial interests. Nothing in the specifications 
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is considered to be a limitation on the development or use of 
improvements, innovations or the application of fiadar for any 
specified purpose. Their general adoption has been most grati- 
fying. It will be seen that manufactvirers have adhered rather 
closely to the letter as well as the spirit of the specifica- 
tions and, in many ways, have exceeded their requirements. 

4, The development of commercial models of Hadar has had 
three objectives. First, that the equipment reflect and incor- 
porate all new applicable advancements in the field of electron- 
ics engineering. Second, that the equipment be capable of opera- 
tion and interpretation by personnel with little or no training 

in its use. Third, that the equipment be as economical as possible 
in original cost, installation, and maintenance. These three ob- 
jectives are very closely related and, by their nature and preced- 
ence of Importance, reqvdre compromise*. For example, the ideal 
fiadar installation might include the use of a large scope, an 
antezma moxmted high and in the clear, a very narrow beam width 
and a high peak power. These requirements would obviously clash 
with the cost and installation problem, so compromise has been 
necessary. It is believed that United States industry has arrived 
at a suitable practicable balance among the requirements and has 
produced Rader equipments which are comparatively economical, easy 
to operate, and still embody the most advanced technical features 
and operational characteristics available at the present date. 

5, The installation problem alone has been one of consider- 
able magnitude, involving; the use to which the vessel is put, 
whether at sea or in restricted waters; the space available for 
installation, small or large vessel. Including location of antenna 
and possibly the RF components; and the available power. 

6, Perhaps the best method of showing how the various manu- 
facturers have met the problems and objectives involved is to com- 
pare some of the salient features of five of the presently manufac- 
tured Radar equipments. 

a. Three of these sets consist of 3 paukage units. 

Two are essentially 2-package zinits. 

b. Three operate in the 3C2<i band and two operate 
in the 10 CM band. Some manufacturers are con- 
sidering both bands and also another band at 

5 CM. 

c. All use PPI presentation on either a 7" or 12" 
scope. 
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d. Piilse repetition rates vary considerably; four sets 
use the following rates: 800, 1000, 1100, and 2000 
pulses per second, while the fifth uses 750 on long 
range scales and 3000 on short ranges. 

e. Ptilse lengths vary from l/4 micro-second to l/2 
micro-second. 

f. Peak powers are 7, 15, 15, 30 and 35 IW. 

g. Antenna horizontal beam widths are 3.5° and 5° 
for 10 34 sets and 1.6°, 2° and 2° for the 3CM 

sets. 

h. Antenna rotation speeds are 7, 10, 11, 12, 14 

R.P.M. 

i. fiange scales vary considerably from 1.5 miles 
to 50 miles; for example, two sets use the fol- 
lowing ranges: 1.5, 5, 15, and 50 miles. Another 
set uses 2, 6 and 30 miles. 

J, Eadars are available for both A.C. and D.C. powered 
ships, the required power dSain varying from 600 to 
1400 watte on A.C. equipped vessels. For operation 
on D.C. equipped vessels a motor generator is used, 

k. Additional repeaters can be used on some sets, 

7, The individual manufacturer’s specifications will show how 

these factors have been linked together to obtain optimum perform- 
emce. 


8. It will be seen from this basic comparison of the present 

models of Radar which are available in the United States that the 
Advisory Minimum Specifications have been followed closely. In 
addition to the characteristics Just outlined, manufacturers have 
Included many Ingenious and useful iixnovations end accessories to 
their equipments. As it now stands. Radars are available for al- 
most all types of installation and for a large number of specific 
and general applications. The performance characteristics of these 
Radars are so uniformly good that selection of an equipment for a 
vessel becomes almost a matter of preference for appearance, or of 
fitting the equipment to a specific vessel which has certain struc- 
tviral and electrical power limitations. It is possible to select 
Radars which are. suitable for installations varying from the largest, 
fastest ocean liner to a small vessel operating in the restricted 
confines of the inland waterways and rivers. 
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9. The matter of price is, of course, important. During the 
IMHAMN conference in London this matter received considerable at- 
tention. It appears now that the matter of price was not as in>- 
portant, as far as the development and use of commercial Badar is 
concerned, as it then appeared to he. The past few months have 
shown that United States shipping interests are keenly aware of 
the advantages — one might even say the necessity — of Badar on 
commercial vessels. These interests have shown that they are not 
willing to sacrifice a great deal of performance in order to re- 
duce the initial cost of equipment. They realize that a Badar 
equipment may pay for itself in a short period of time by reducing 
transit time and by contributing materially to the safety and wel- 
fare of the vessel on which it is installed. They further realize 
that reliability is an absolute necessity and refuse to allow reli- 
ability to be compromised by questionable quality. One place where 
price differentials occur is in the accessories attached to the 
equipnent or embodied in its construction. Each set has its func- 
tion and performs that f^Inction very well. Here, again, the matter 
of selection almost resolves itself into the taste of the purchaser 
or the adaptability to his vessel, 

10. United States industry with the advice and assistance of 
the Government is actively engaged in research and further develop- 
ment of commercial types of Badar s. It is expected that the next 
few years will see many improvements over existing types of Badar 
and that the use of Badar aboard merchant vessels will become so 
widely accepted that its absence from a vessel of tomorrow will 
cause as much comment as its presence did yesterday. 

11. The usefulness of Badar for navigation may be lnqjroved 
somewhat by the development of Badar aids for more positive identi- 
fication of certain landmarks. At present the relative i>oeitlon 
of one target to another is an excellent means of identifying more 
prominent targets. This system can well be used on an approach to 
a harbor like New York, but when approaching harbor entrances on 
long, low, flat beaches it can readily be seen how some difficulty 
can exist due to there being no distinct target vintil the vessel 
gets well within soundings. Here the coordinated use of Badar 
with other navigational Instruments, namely, the Radio Direction 
Finder (for bearing) and the Fathometer (to check sovmding) , in- 
creases the safety of the vessel and adds to the confidence of the 
position obtained by Radar, 
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12. Badfir parforme its primary fiinction in periods of low 
visibility. Use of Badar during good visibility increases a 
ship's officer's efficiency in its use during poor visibility. 

This applies particularly in entering and leaving port. By 
constant comparison of Badar scope, chart, and visible observa- 
tions of surrounding objects the officer not only becomes pro- 
ficient in the use of his equipment but gains confidence in his 
ability to interpret scope presentations when it is impossible 
to visibly detect the surrounding objects, 

13. As an instrument for running in periods of low visibility 
Badar has no eaual. This is borne out by comments made by masters 
of Badar-equipped vessels. On a recent trip made by the CAMPBELL 
from Boston to Bew York, in what might be called pea soup fog, 
traffic was easily detected end avoided long before we came within 
whistle sound. Incidentally, I was never in doubt as to the ves- 
sel's position, as buoys were picked up by Badar at ranges of 
eight to ten thousand yards. Land was detected long before at 
ranges of from 15 miles up. 

14. In conclusion I would like to leave you with this thou^t: 

"Careless confidence in the use of Bader can bring 
about disaster to a vessel - added vigilance and 
proper use of Badar is an insurance to the saving 
of lives, property, and time." 


0. C. BOHNKE 
CCMiABDER, USCG 

COM^lANDING OPFICEB, USCGC CAMPBELL 
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ABSTRACT 


In this paper the corner reflector, the Ramark and the 
responder beacon are discussed with regard to their construction, 
application and limitations. It is noted that the mariner finds it 
practicable to safely navigate in most cases with his radar and the 
usual less glamorous navigational tools without special radar aids. 
Slides will be used to illustrate certain portions of the written 
material. 
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UTILIZAIIOg nw RATUB BEA.COHS ASH HEELEOTORS 


lj;rtr.Q.dagtlOB 

1, In London one year ago, ve examined vhat vas then believed 
to be the requirements for radar aide. There vas general agreement 
that radar aids would be required in certain cases however there 
was no agreement as to the exact form such aids would take, either 
for the active or the passive types, 

2, The form which the final commercial radar will take as ra- 
gards frequency, definition, and peak power has not been sufficient- 
ly standardized to permit a coo^lete and accurate evaluation of the 
radar aids required for all-weather navigation of the various types 
of harbors, entrances, and coastlines encountered throughout the 
world, 

3, The need for radar beacons and reflectors is dependent vi^on 
many factors such as definition and power of the radar, land config- 
urations, availability of radar charts, type and location of buoys, 
and the skill of the mariner in the application and interpretation 
of his radar scope picture. In general the hi^ier the definition 

of the radar the more the picture portrayed on the radar scope re- 
sembles the original land and seascape and the less the need for 
radar aids. Likewise the power of the radar may be sufficient to 
detect poor targets at distances satisfactory for navigational puzw 
poses, A requirement for radar aids exists in those eases \diere 
there are land configurations that make poor radar targets or else 
are not readily distinguishable from other land echoes or targets. 
Inland waterways which are traversed by bridges and locks present a 
special problem. The radar detects the bridge but it is not possible 
tc accurately determine by radar mesns the relative position of the 
navigable channel with respect to the bridge. The same situation pre- 
vails with regard to lock entrances. It was found during World War II 
that specially prepared radar charts made safe navigation througjh 
torturous channels under blackout conditions practicable. This was 
done with radars considerably poorer in definition than those now 
available to the mariner end to be demonstrated during this meeting. 
With regard to buoys, it has been found that large metal buoys pre- 
sent good radar targets, particularly for the 3 cm radars and that 
normally no additioxial wajiriiig is needed, Phrthermore the arrazigement 
of buoys can greatly facilitate identiflcaticn, for exas^le; when 
channels are marked by buoys which are directly opposite each other 
the navigator finds it a very simple matter to properly lay his course 
There are many eases in which a special pattern of several buoys will 
serve the same purpose. The subject of the skill of the mariner in 
using and interpreting his radar scope picture is being discussed 
elsewhere but suffice it to say that this is something one attains 
after esperience. Many ship^s officers are able to do very well wltho 
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any form of radar aids and l)elleTe that very fw, if any, are neces- 
aary, Aetnally there are many CMes In idileh proper Interpretation 
of the radar data vill remoye ell need for special radar aids. 

4* This discussion of radar aids to navigation will consider 
only three forms of aids, two of idiieh, the Bamark and the Besponder 
Beacon are powered devices labile the third, the Comer Beflector, is 
a passive device. There are other devices now in the laboratory 
and in the early development stages idiich offer promise hut they are 
around the proverbial comer or else caimot be adopted because of 
extremely difficult practical reasons. 

Comer Beflectors 

5. The Comer Beflector, so named because the early experimental 
models resembled the inside comer of a box is a very efficient radar 
target owing to its ability to concentrate incoming energy in a beam 
back to the radar antenna. Corner reflectors have the advantage of 
being relatively ineapensive and simple to build, not frequency con- 
scious within wide limits, require no electrical or mec han ic a l power, 
aixd last, are relatively easy to maintain. Thus a properly designed 
comer reflector will provide in concentrated physical size a radar 
target comparable to a much larger object of random configuration. 

From this we can see that such reflectors are of little practical 
value for marking objects idilch present in themselves a good radar 
target. 

6. There are various possible configurations of comer reflectors 
which have and can be used. The Coast Guard has found a circular 
pattern of trihedral comer reflectors satisfactory. In this type of 
reflector the entering radar wavtf, xq>on strlkiiig the interior surface 
of the comer, will be reflected from each of the three planes and 
return in a direction parallel to and with the same polarization as 
the Incident ray. It can easily be shewn that certain other conflg- 
urations, sometimes used as reflectors do not react in this fashion 

are thus unsatisfactory for this purpose. Badar waves entering 
at oblique angles to the central axis of the comer may be reflected 
partially or not at all so it is necessary to arrange the comers in 
a <d.U8ter around a circle. This provides very efficient reflections 
idien viewed from all aspects in the horizontal plane. A practical 
reflector assembly is fabricated of sheet aluwl li um or steel and may 
be from 2 to 4 feet in diameter d^ending t 5 >on the lowest frequency 
of the using radar. Bo difficulty is forseen in designing a good 
comer reflector into the basic design of buoy and light stmetures. 

A reflector that is a good radar target at the lowest frequent 
becomes an even better target as the frequency is raised. The comer 
reflectors to be demonstrated at Hew London are SL* on a side and 
eqppear to be large enough for normal applications for the 3, 6, and 10 
centimeter marine radars. 
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7* She above radar reflectors have been mounted on several sizes 
of standard U.S, lifted buoTs, 8 I 26, 9 I 32, and 9 X 38. With a 
standard 10 centimeter radar the marked baoy Is detected at distances 
from 2 to 3 times that obtained vlth a similar unmarked buoy* This 
Is not quite the ease ^en a 3 centimeter radar Is used* Eere a defi- 
nite Improvement %ra8 noted, particularly when the buoy is up-wind dur- 
ing heavy weather, however the degree of change is not as great as 
with a 10 centimeter radar^ The explanation of this phenomenon is that 
the large steel buoy by itself is a more efficient radar target for 3 
centimeter radar than for the longer wavelength, 10 centimeter radar* 
This points out the fact that reflectors are very useful within their 
limitations but do not serve to aiiq>llfy an already adequate radar echo* 
Mariners on the Oreat Lakes and along the Coasts of the United States 
are regularly detecting lighted buoys with radars at ranges of 6 to 
7 miles and can and nun buoys at about 4 miles* Normally the navlgar* 
tor does not esqteet or have any need to know the lAiereabouts of buoys 
at distances greater than this* Ihrthermore, this distance is about 
the extent of the radar horizon (cpproxlmately the llne-of-si^t- 
distance) and the addition of reflectors would not increase the range 
sufflcently or be of enough practical value to Justify the additional 
eogsense involved. 

8* it the present time experimental reflectors are installed on 
buoys in the imbrose Chaimel area of Hew York Harbor, Upper Chesapeake 
Bay and off Hew London, Conn* These buoys are installed at strategic 
locations marking turns and channel entrances* It is noted that these 
reflectors permit the detection of buoys during periods of heavy sea 
retTim during idilch time an unmarked buoy might not be observed* Ex^ 
periments are also being conducted with various t^pes of paints and 
metallic coatings on the reflector and the buoys to determine the ef- 
fect on the reflecting efficiency of the target for radar detection* 

The use of radar reflector buoys arranged in the form of a simple 
pattern has not been e:q>loited to the fullest but it is felt that 
such an arrangement may be necessary in certain eases involving dif- 
ficulty of identification* However this could only be Justified if 
very simple and cheep special reflector buoys are designed* Usually 
the navigator can watch his radar screen and soon determine which 
targets are stationary and which are moving thus solving the identi- 
fication problem* 

Bfldar geaconB 

9* There are certain eases which may require powered radar bea- 
cons for the mariner to make fullest use of his shipboard radar* These 
cases usually involve identification in regions having many prominent 
radar targets or idiere longer ranges are required* 

SsfflBid&i 


it the time radar was first released for civil use considerable 
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thou^t and investigation ¥bs devoted to developing a form of poveiv 
ed radar aid that would require a minimum of maintenance, be relen 
tively inexpensive, could bo tended by the regular lighthouse keeper 
without further training, have low electric power consunqxtion, employ 
siople, dependable circuits and require a minimum of change and cost 
to the shipboard radar. Operationally, the beacon should reliably 
furnish at least sufficient information for the navigator to orient 

and preferably to fix his position, jictually, when the Navi- 
gator can definitely orient himself with respect to one radar target 
he is enabled to properly interpret the radar scope picture and thus 
proceed with safety. Another factor which received consideration was 
that all possible efforts should be made to foster and assist la the 
early development a n d adoption of high quality radars for the merchant 
marine, 

11, As a practicable solution to t^s problem the U,S* Coast Guard 
has several development models of the *^BAMABK* or radar marker beacon 
which gives bearing information only, Iwo Bamarks are required for 
a fix, Ihls beacon transmits continuously on the beacon frequency, 

9310 mc/s for 3 centimeter radar or 3256 mc/s for 10 centimeter radar 
ani^ does not in any way depend T:^on the radar* s transmission. In 
fact, a microwave receiver in conjunction with a directional antenna 
would give good bearings, Shis eliminates one of the major problems 
in connection with the responder type beacons, to be described later, 
while at the same time increasing the usefulness of a simple radar 
equipment. The radar equipment mast be capable of efficiently receiv- 
ing on the beacon frequency. To use the Eamark, the mariner operates 
the beacon receiver control idilch tunes the radar receiver to the 
beacon frequency and clears the scope of the radar picture — he then 
observes a pencil of light extending radially from the center to the 
periphery of the scope on the bearing of the beacon. The accuracy of 
the bearing and the width of the ll^t beam corre^nds to the accuracy 
azimuthal resolution of the radar. If the mariner sees the Bamark 
his radar is operating properly he can depend upon the beazdng. 

The navigator makes use of this information in a similar manner to 
bearixigs on li^ts, shore objects, etc, like the corner reflector 
there is no ready means of identification other than properly locating 
the beacon. It is not anticipated that this will be a serious problem 
owing to the short ranges involved and the small number of beacons re- 
quired in any one area. Other means of coding the beacon are now under 
study with the hope that this feature can be added with a mlnianm 
change to the 8hip*s radar, Bamarks have an advantage, not enjoyed 
to the same degree by other radar siids, of giving bearing information 
under all but the most severe weather conditions. One Bamark, with 
any other suitable passive radar target, can be used to provide a 
range. 
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12« Fbysleallx the Seoark eoaslets of a low power eoturee of radio 
frequeaoz enorgy, a XOO ko/e noltlTlhrator and modulator clroait for 
keying the radio frequency source, a resonant carity for eh e eki n g the 
frequency and output, a siiQ>le antenna and a power scq;^ly. Peak out* 
put powers of the order of magnitude of one hondred milliwatts to a 
few watts should he ample for most applications, fhis amount of power 
is eondiderahly in excess of that returned as an eoho from normal 
radar targets, Sl^ power for marine use is not necessary and in fact 
may he a detriment in most situations, Ihe equipment would noxmally 
he contained in one cabinet. It is enrlsaged that a Bamark could he 
installed and loalntalned with little difficulty at an existing ll^t 
or other aid to lawlgatlon Station, fhe equipment installation would 
he in duplicate for each frequency in order that operation could he 
switched to the standby beacon in case of failure of the beacon in 
use. It is entirely feasible to perform this transfer automatically 
as well as prorlding automatie frequen <7 stabilisation of the beacon 
itself. 

BagponAer Beacoafl 

13, Xarly in Yorld Var II a responder type beacon, known as "BACQEr” 
was dereloped for aircraft as a military necessity, She reqponder 
beacon concept is an Idealised system which is hl^ly desirable from 
a purely operational standpoint; howerer, both the radar and the beacon 
must be deslgped as sister coiqponebts, each dependent upon the other. 
Generally epeaklng the circuits are eoaqallcated, espenslre, difficult 
to maintain and the ordinary commercial radar can not utilise them 
without adding to the construction costs, the principle of operation 
is stral^t forward, the beacon receires the incoming radar signal, 
oonreirts it to a coded signal and retransmits to the radar on the beacon 
frequency, theoretically the time required to perform this operation 
is small and fixed la amount, usually 2 or 3 microseconds, so that the 
error introduced in range is negligible in the ease of aircraft but 
not at all in the ease of precision surface piloting. In order to pr»- 
rent saturation of the beacon it is necessary to require the radar 
transmitter to transmit within the specified frequency limits with a 
long or otherwise, modified pulse, idien beacon signals are desired, 

Sven with this precaution the beacon may become saturated in congested 
shipping areas. Is in the ease of the Bamark the radar reeelTsr must ' 
be modified to reeeiTS efficiently on the beacon frequency, fhe r»* 
sponder beacon combines in one operation the determination of the dl»- 
tanee and bearing to the beacon thus girlng a fix, fhe presentation 
on the radar scope consists of a series of dots extending radially to 
the edge of the screen on the bearing of the beacon, fhe distance to 
the beacon is determined by noting the range to the first dot, the re- 
maining dots spaces serve to identify the particular responder 
beacon, Military aircraft have found this device very important for 
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general navigational purposes* Shere are a nornber of Bacons In operas 
tlon throo^oat the TTnlted States at the present tine for military 
aircraft* It is hellered that futore derelopments and raseareh vlU 
erentnally provide as with a simplified responder beacon system more 
nearly meeting the requirements previously set forth in this paper* 

Gift wing 

14* Tarlous forme of radar aids to navigation have been examined 
and it mas found that comer reflectors have many advantages to r»> 
commend their application for marking certain buoys* low lying land 
and for other objects not in themselves good radar targets* To over- 
come the limitations of reflectors it is also in some cases necessary 
to use powered radar beaicons* The Bamark constitutes a practicable 
solution to the latter problem* requires a minimon of change to the 
shipboard raidar and adequately assists the mariner in orienting him- 
self* If continued use of marine radar indicates the need* we can 
anticipate a responder type of radar beacon meeting our requirements* 

Ve also find that the mariner* and it is desired to specially emphasize 
this point* can do very well indeed with his radar and the usual less 
glamorous navigational devices* It is now essential for the maximom 
utility of radar that some degree of standarizatlon be attained inteiv 
natlonally with regard to radar and beacon frequencies and radar aids* 
particularly beacons* 


GUT L. OTTIHGBB 
LIBUTMABT CGMHABBEE, USC& 
n*S* COAST OUABD HEAUQUABTEBS 
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ABSTRACT 


This paper reviews the art of depth finding beginning with 
a brief history and ending with a description of several late-model 
instruments. 

The physical principles underlying the operation of modem 
depth finders are separated, classified, and briefly ej^lained. 

The manner in which these principles are integrated into complete 
systems is indicated. Typical examples of depth finder records are 
included. 
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MODEM DEPTH FINDERS 


Introductory 

1« Depth finding on ships at sea is an ancient art. Until very 

recent times, the lead line, an obvious and simple device, was the 
tool used for sounding. There is an interesting reference to sound- 
ing in the Bible, 27th Chapter of the Acts of the Apostles, It is 
the stoiy of the shipwreck of Paul, 

" about midnight the shipmen deemed that they 

drew near to some country. And sounded, and found 
twenty fathoms; and when they had gone a little 
furtlrer, they sounded again, and found it fifteen 
fathoms. 

Then fearing lest they should have fallen upon rocks, 
they cast four anchors out of the stem, and wished 
for the day," 

I have found a reference to 18th century soundings made in 50CX) 
fathoms using a lead of 440 pounds on a 25 mm rope. One and a half 
hours were required for the weight to reach the bottom. During the 
19th century, the Scotch scientist. Lord Kelvin, introduced his 
"Sounding Machine", He recorded depth by the pressure which water 
exerted to compress air in a chemically treated or ground glass 
tube. This method gave either a permanent or temporary depth record 
depending on the type of tube used, '.Vith a recent engine driven 
sounding machine and a 36 pound lead, about three minutes are 
required to make a sounding in 300 fathoms, 

2, V/e now have at our command automatic and much more rapid 

means which make use of the fact that water is a good transmitter 
of sound. An impulse of sound sent downward from the ship will 
travel to the bottom, will be reflected there as sui echo vhich vdll 
return to the ship after the lapse of a measurable time. The time 
of arrival of the echo when compared with the time of emission of 
the impulse gives the time of transit (t). The velocity of sound 
(c) in water may be considered a constant except for refined measure- 
ments, Hence, the depth (d) can at once be found from the equality 
d r ct/2. An average velocity for sound in sea water usually used 
for setting echo depth finders is 4800 feet per second. This is 
enormously greater than the speed of any ship. The high velocity is 
at once a help and a hindrance - a help in that acoustic depth finding 
is largely independent of ship's speed - a hindrance in that accurate 
measurement of short time intervals is demanded. It requires modem 
techniques to measure accurately these small time intervals especially 
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in shoal water where the time of signal transit is veiy small. To 
sum up: 


Uodem acoustic depth finders: 

(1) ai*e independent of ship speeds 

(2) can be used effectively in any depth of water 

(3) are continuously indicating 

(4) provide a permanent record of depths passed over 
Brief History of Echo Depth Finders 

3, Although the title of this paper was originally "Post War 
Depth Finders", developments took place prior to and during the ’War 
so that the title "Modem Depth Finders" seems more appropriate. 

The subject cannot be seen in proper perspective without an examina- 
tion of these developments, 

4, The earliest record of the acoustical method 1 have found is 
an account published in 1911 of the work of Alexander Behm of Kiel, 
who used a chronograph to time the echo from an explosive detonated 
underwater near the surface. Another early form of sound source was 
a hammer blow on a steel diaphragm set into the hull of the ship. 

Modem methods might be said to date from the woric of Pierre Langevin 
who first used the piezoelectric effect of quartz crystals to produce 
an intense high-frequency sound in water and used the principle in 
1918 for echo depth finding. The magnetostriction effect was dis- 
carded by Langevin but later used by A,B, Wood and others with 
considerable success. 

5, Two methods now in general disuse are the "Sonic" method and 
the "Angle of Reflection" method. In the Sonic method the Fessenden 
oscillator was used. This was a powerful electrodynamic "loud 
speaker" especially constructed to produce an intense underwater sound 
signal which could be timed in its travel to the bottom and back. ^ The 
Angle of Reflection method depends upon the measurement in a vertical 
plane of the angle of reflection from the bottom of sound originating 
at the ship’s propellers or emitted from a Fessenden oscillator mounted 
in the after part of the hull. Angle measurement of acoustic rays Is 

a special property of the "Acoustic Conpensator" which, for operation, 
depends upon the "Binaural Sense" of the human hearing apparatus. 

This method was developed for depth finding by Dr, H.C, Hayes of the 
U.S. Naval Research Laboratory, 
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Modern Depth Finders 


6, Modem depth finders use frequencies of oscillation in the 
ultrasonic range, which is above the range of hearing. The princi- 
pal advantages are; 

(a) Ship noise and water noise are at a mAy i mum in the 
audible range and therefore do not interfere, 

(b) Sources and receivers of acoustic energy, which in 
the art are called transducers, can be of practical 
size and yet send out a beam of sound; a consequence 
of the fact that the wavelength of sound is short 
compared with the transducer diameter. 

(c) Effective use can be made of the physical phenomena 
of piezoelectricity and magnetostriction. These 
two make possible reciprocal conversion of ultra- 
sonic vibration and electromagnetic energy. Once 
the acoustic energy is converted into electromagnetic 
energy the enormous versatility of electron tube 
circuits is at our command. 

7, Modern Depth Finders have five elements in common. These will 
first be enumerated, then described in some detail. 

(a) Transducers for reciprocal conversion of acoustic and 
electromagnetic energy. 

(b) Electronic or electrical means for driving the trans- 
ducer at high vibrational power level. 

(c) Electronic means for amplifying the weak echo energy 
picked up by the transducer. 

(d) Means for accurate measurement and continuous indica- 
tion of depth. 

(e^ Means for making a permanent record of depths which 
the ship is passing over. 

Transducers 


8, Modern transducers without notable exception are of two 
classes; (1) Piezoelectric and (2) Magnetostrictive 

9, Langevin's early piezoelectric transducer was coji^osed of two 
thick discs of steel with thin quartz crystals cemented between them. 

A cross-section of the transducer is shown on Plate 1, The "sandwich" 
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formed a resonant mechanical system which, when excited, vibrated in 
the direction of its thickness at an ultrasonic frequency of about 
40 kilocycles per second. Because of the loading effect of the steel 
plates 2500 alternating volts across the crystals produced a good 
an^jlitude of vibration which without the load required $0,000 volts - 
an impractical figure. In use, one of the steel plates is in contact 
with the water, 

10, liochelle salt czystals art highly active piezoelectrically 
but have had restricted use in transducers for echo sounding because 
of their sensitivity to temperature changes, low temperature of 
crystalline breakdown and general fragility. Other synthetic crystals 
are more stable, if less active, and are now in use in transducers, 
some with and some without resonators. 

11, Some echo sounders use two transducers, one for transmitting, 
one for receiving; others use but one. Two transducers are used in 
shallow water depth finders employing damped pulse transmission, 

Magnetostriction 

12, Some of the ferromagnetic metals, especially nickel, exhibit 
the property of magnetostriction, which in nickel is a minute 
shrinkage in dimension parallel to the direction of a superimposed 
magnetic field. Conversely, mechanically induced changes in dimension 
will change the magnetization of nickel. These two reciprocal effects 
make nickel a usefully active transducer material for the reciprocal 
conversion of acoustic and electromagnetic energy, 

13, MagnetostrLctive transducers have evolved in several forms: 

(a) laminated stacks, (b) laminated toroids, (c) nickel tubes attached 
to resonating plates. 

14, Laminae punched from thin nickel sheets are stacked one on top 
of the other and cemented together in such a way as to make a compact 
block of the approximately rectangular form shown on Plate 2, 
Alternating current passing through the coil causes synchronous vibra- 
tion of the stack in the direction of the magnetic field. Sound 
radiation takes place from the upper and lower surfaces of the stack; 
that is, from the edges of the nickel sheets. The laminated structure 
familiar to all electrical engineers, reduces parasitic eddj' currents 
and permits deep penetration of the magnetic field into the stack. 
Stacks have been made in a number of forms and are generally assembled 
into larger blocks having radiating areas large with respect to the 
wavelength of the radiated acoustic energy. The result is a radiator 
capable of emitting a beam of sound. 
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Fig, 5. — Section through strip oscillator. 
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c.w, system. In the former system a condenser is held at a rather 
high potential by appropriate electronic charging means. Periodically 
the series circuit containing the condenser and the projector is 
closed at the instant the depth indicator passes zero, Plate 5 is the 
circuit diagram for the Submarine Signal Company NJ--7 Sonar Sounding 
Equipment, Apologies are offered for showing a complicated diagram 
in a short talk but it seems to me to be unwise to remove the illus- 
trative circuit elements from their context, all that I wish to do 
here is point out the circuit details having to do with the surge of 
electrical charge through the transmitting transducer. The method 
is typical of modem keying, iiectifier V-402 puts a charge upon the 
storage capacitor C-404. Rectifier V-401 charges C-401. Mlien the 
keying contacts in the indicator close, the charge on C-401 flows off 
to ground causing a surge of current through the primary of trans- 
former T-402. The induced voltage in the secondary of T-402 ionizes 
the argon gas in the discharge tube V-403 making it conductive. This 
operation permits the charge on C-404 to surge through the transmitting 
projector. A short damped pulse of high intensity ultra-sound of 
frequency 21.6 kilocycles per second is sent out. The impedance of 
the projector circuit is usually adjusted so that the electrical 
resonance frequency coincides with the mechanical resonance frequency 
of the projector. The condenser discharge method is generally used 
in shallow depths and has been incorporated in mary practical 
instruments. 

Power Amplifiers 

22. The power amplifier type of driver is not as simple as the 
condenser discharge type but has about the same advantages over the 
latter as inspired the change of radio operation from spark to 
continuous wave transmitters, C.'nf, permits close frequency control 
by the use of a stable, easily variable, low power oscillator a nd 
permits ready adjustment of the length of outgoing signal. This system 
is usually used where great depths are to be sounded. Plate 6 is the 
schematic wiring diagram of the NMC-1 depth finder which uses the 
pov/er amplifier type of driver. The master oscillator (tubes V— 401 
and V-402) is a push-pull Hartley circuit tunable from 17 to 19 
kilocycles per second by capacitor C-405. Tubes 7-403, V-402, V-405, 
and V-406 form a push-pull parallel plate power amplifier stage which 
drives the transducer through the transformer T-403. 

23, An essential part of the driver is the keying means for 
turning the signal on and off. In medium and great depths, keying 
is possible by means of siit¥)le contactors and relays. Relays are 

now generally being superseded by one or the other of the gas discharge 
tubes. This was noted before in the discussion of the NJ-7 equipment. 
The timing contact in the indicator however is usually mechanically 
operated because it carries very little current. Keying by electronic 
means is especially necessary in shallow depth finders where many 
short pulses are sent out per second. 
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Receiver Amplifier 


24. The direct observation of the echo by means of telephone 
receivers connected to a carbon granule microphone has long been 
replaced by electron tube ampiLifiers, These have taken many forms. 
In general, the amplifiers are conventional, with several stages 
tuned to the mechanical resonance frequency of the receiving trans- 
ducer. The amplified ultrasonic signal is mixed with the output of 
a local oscillator and is rectified for an audible indication of the 
echo if desired, or the ultrasonic signal is rectified and the 
resulting pulse raised in voltage to flash the neon indicator or 
operate the recorder. 

25. The essential function of the electronic receivar is to 
take the minute electrical potential developed in the receiving 
transducer by the echo and amplify it so as to actuate a loud 
speaker, an indicator or a recorder. Heceiver amplifiers have 
had many variations. 

Tiudng keeins and Indicators 

26. A stop watch can be used for great depths of 2000 fathoms 
or more with reasonable accuracy. A constant light rotating 
uniformly around a circular depth scale can be used, provided an 
audible indicator of echo reception is used to mark the instant for 
scale reading. This is little better than the stop watch. 

27. The next step forwaixi was the use of a neon lamp flashed by 
the eCho-induced and amplified voltage. Three forms of flashing 
neon lamp have come to my attention. One form is made to rotate at 
a constant angular velocity in juxtaposition with a circular fathom 
scale. The amplified echo-voltage is fed to the neon lamp through 
appropriate slip rings. Alien the lamp passes zero f. thorns, the 
outgoing signal flaslies it. At the instant of echo reception it is 
flashed again. Persistence of vision permits considerable precision 
in reading the scale opposite the flash. In another system, the 
neon lamp is stationary on the axis of the circular fathom scale and 
the flash is reflected to the scale by a system of mirrors or prisms 
fixed to the rotating arm. Still a third system is provided with a 
full circle neon tube behind the scale. An opaque disc with a 
narrow radial slit rotates at constant angular velocity between the 
tube and the scale. The rotating neon lamp seems to have met with 
most favor and its use is exemplified by the NMC — 1 sonar depth 
indicator shown on Plate 7 . 

2 S. Fi^m what has been said in connection with indicators, the 
precision of depth determination clearly depends on the degree to 
which the angular velocity of the indicator can be maintained 
constant at known value. Dr. Dorsey of the U.S. Coast and Geodetic 
Survey used an indicator motor wherein the angular velocity was 
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controlled by a tuning fork. This system resulted in the very 
accurate determination of depths necessary for hydrographic surveys. 

The English systems described by A.B. iVood used a DC motor with 
governor. Synchronous AC motors are favored in American systems. 

^re the constancy of speed depends on the accuracy of alternating 
power frequency control. The frequency is checked from time to time 
by vibrating reed frequency indicators. One French system of the 
S.C.A.M.-Touly type used a s;pring actuated clock, 

29 , Two rather special systems devoid of mechanical indicators 
are exemplified by the Bludworth Marine shallow depth finder and 
the so-called FM system. The Bludworth Marihe scheme indicates 
depths on a milliammeter with a suitably calibrated scale. Plate 8 
is a photograph of the indicating meter which is calibrated in feet. 

30 , The frequency modulated system (FM) has been suggested by 
several workers in the field, Ihe earliest recoixl I have found 
of this system having been used for echo sounding was in a 1938 
.publication by Matsuo of the Tohoku University of Japan, In this 
system, the frequency of oscillation of the transmitting transducer 
was made to vary over the rather wide range of five kilocycles per 
second at such a rate that the change in frequency was proportional 
to time. The receiving amplifier was arranged to receive, direct 
from the driver, a small part of the outgoing signal to which was 
added the amplified echo signal. Because the two signals varied in fre 
quency at the same time rate, they differed by a constant frequency 
interval as long as the depth remained constant. The frequency of the 
beat note obtained by rectification was proportional to the -time 
displacement between the tv<o signals. This time displacement was the 
time necessary for transmission of sound to the bottom and back. 

A meter which measured the beat frequency and was calibrated in meters 
indicated depth with an accuracy of IjS and a range of 75 m. This 
system gave continuous indications but demanded a wide band transducer 
operating at high ultrasonic frequencies of about 100 kilocycles per 
second or more. Because of absorption of acoustic energy at high 
frequencies, this system has not gained wide spread usage. 

Recorders 

31 , Audible indicators and flashing or moving lights require the 
concentrated attention of an observer auid leave no permanent record. 

A great advance was made when automatic means were provided for 
recording on paper the depth under the vessel as a function of time. 

For a vessel moving at constant qjeed, the result is an automatic 
plot of the contour of the sea bottom along the ship's track. The 
advantages of such a device are numerous. Constant attention of an 
observe]>recorder is not necessary. The permanent record can be 
returned to home base. 'The plotted bottom contour can be studied at 
leisure which is especially inportant in hydrograpliic work. For 
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position finding at sea, the depth-finuer record can be accurately 
compared, on the chart table, v^ith charted bottom contours. 

32 . All recorders are the same in principle but differ in detail. 
The changes have been made in the interest of convenience and 
accdracy. All consist of a wide strip of paper dravm across a flat 
platten at constant velocity from a storage roll to a take-up roll. 
Over the flat area a moving stylus writes the depth record. ITie 
stylus may be made to move over an arc of a circle by continuous 
rotation or by oscillatoi;;/ repetition. It also may move across the 
paper by rectilinear oscillation, ihe output of the echo aanplifier 
is connected to the moving stylus so that a mark is made on the 
paper at the instant of echo reception, ihis marjier of marking has 
gone through several evolutionary stages. 

33. An early French recox'der manufactured by S, liarti used smoked 
paper on which the stylus scratcned a fine line. To mark both the 
outgoing signal and the echo, the stylus was made tc oscillate a 

few cycles by a delicate electi’omagnet on the rotating arm. The 
chart was fixed by a suitable transparent coating. A sample record 
is shown on Plate 9. 

34. A.B, Wood describes a system still in use where the record 
is maoe by electrolysis on moist paper treated with potassium iodide. 
’Alien dry, the record is, if properly stored, permanent. There is 
some shrinkage but for accurate work corrections can be made. The 
intensity of the record is roughly pro])ortional to the strength of 
the echo. Plates 10 and 11 are reproductions of depth finder records 
jiiaue on potassium iodide paper. The first is a reproduction of a 
record taken in 1932 and reported by .»ood. Smith, and llcGeachy in the 
Journal of the Institution of Electrical Engineers for 1935. The 
second, Plate 11, a reproduction from an account of the search for 
the Lusitania wreck published in the Hydrographic Review 193^, was 
made with a British Admiralty supersonic echo sounder. The fine 
detail speaks well for the perfection of the sounder. 

35. The third type of record marking is exemplified by the system 
used by the Submarine Signal Company, In this system, a black, dry, 
conducting paper is cocited on its active face with a wliite wax. The 
feet-fathom lines are printed on the paper. The amplified echo 
potential causes a spark to jurap from the stylus to the paper, thus 
burning away a minute spot of the white coating at each peak of the 
ultrasonic oscillation permitting the dark background to show through. 
The blackness of the record, although not strictly proportional to 
the strength of tKfe echo is close enougli to give character to the 
record. The nature of the bottom is indicated as to whether it is 
rock or mud; theiroal and saline stratification are indicated; schools 
of fish may be detected. Plate 12 is an example of a dry-paper spark 
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discharge record. This is a reproduction of a sound chart made by 
the University of California Division of V/ar Research during a study 
of sound scatterers in the Pacific Ocean and is not intended to be an 
ejiample of the very best that tlie system can do in the presentation 
of detail. The chart siiows a layer of reflecting material which 
was identified as schools of fish. 

36 . The pictorial assemblies of two echo sounding systems are 
shov/n on Plates 13 and 14. Plate 13, illustrating the depth 
finder of the Bludworth Marine Corporation, shows the familiar 
small-boat form of over-the-side transducer arrangement. The 
transmitting and receiving transducers are mounted in the "fish". 

This system is highly portable and indicates depth directly on an 
electrical meter but does not have a recorder. The precision is 
about + 1 ft. over the range from zero to 100 ft. Plate 14 shows 
the assembly of the NMC-1 depth finder manufactured by the Submarine 
Signal Company. This system has c.w. operation, uses one transducer, 
and has a dry paper recorder. The transducer is arranged for mount- 
ing in the hull of the ship. Tiie minimum depth is about 4 feet and 
precision is about £2 or 3 ft. 

Conclusions 

37. The echo depth finder has now reached a high state of per- 
fection. New developments in the art will no doubt have to do 
mostly .v<ith the use made of the instrument; for example; in hydro- 
graphic surveying for the development of precise hydrographic charts; 
oceanographic studies of the structure of sound scatterers in the 
sea sucii as marine life and thermal, and saline stratification; 
detailed harbor surveying for the control of engineering operations 
such as dredging and filling. I/iany workers have contributed to the 
development of echo depth finders and have used it as a scientific 
or navigating instrument. Separate mention of each contributor 

to the art would take too much time and would be superfluous because 
all that has been said here has been r.ublished before. 
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U» S. MARINE RADIQBEACONS 

-By- 
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ABSTRACT 


This paper presents a general outline of the development 
of the system of U. S, hiarine Hadiobeacons and covers the oper- 
ational aspects of the system since its inception including the 
relationship of component phases vdiich combined form an integrated 
radio aids to navigation system. 
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U. S. MARINE RADIQBEACQNS 


1. United States marine radiobeacons were first placed in 
commission on May 1, 1921 when three (3) installations were placed 
in operation in the vicinity of New York Harbor on Arabrose Channel 
Lightship, Fire Island Lightship and at Sea Girt Light Station, 

The Iftiited States marine radiobeacon system has, since that date 
been maintained and operated by a single government agency and a 
total of 197 installations have been made. Not all of this number 
are now in operation. Discontinuances and changes have been made 
from time to time to meet the needs of maritime traffic. 

2. The present United States Coast Guard marine radiobeacon 
system includes 183 installations on the Great Lakes, along the 
coasts of the United States, its territories and at outlying bases. 
The most northerly and westerly radiobeacon in the system is on St. 
Paul Island, Alaska in the Boring Sea north of the Aleutian Islands j 
the radiobeacon on Chacachacare Island between South. Merica and the 
Island of Trinidad at the entrance to the Gulf of Paria is situated 
farthest eastj and the installation at Cristobal f.lole. Canal Zone is 
most southerly in the system. 

3. 134 installations in the system are located at shore sta- 
tions, 29 are aboard lightships and 2 are installed in lighted buoys. 
166 radiobeacons are attended and operate on prescribed schedules 
wliile 19 operate continuously as automatic unattended aids to navi- 
gation. All but 10 radiobeacons operate on A2 emission (modulated 
signal). These 10 installations operate on A1 e;nission (continuous 
wave), which is a comparative recent change for the benefit of those 
craft having automatic direction finders and does not detract from 
serving the needs of the conventional aural type direction finders, 

A gradual expansion of continuous vrave operation can be expected in 
future years. Marine radiobeacons are available for and are con- 
siderably used by aircraft on over-water routes, thus affording 
joint air and Surface craft use of the same radio aid to the elimi- 
nation of need for separate aerophares and aircraft radiobeacons in 
a presently crowded radio frequency spectrum. 

4. The four basic power outputs of the United States radio- 
beacon system are classified as Class A, B, C and D with reliable 
average ranges of 200, 100, 20 and 10 miles respectively. Two (2) 
radiobeacons in the system have a power output greater than class 

A to give a reliable average range of 230 lailes. Reports of usable 
reception at distances well in excess of those considered as the 
reliable average are not unusual. 123 Coast Guard radiobeacons 
give coverage over tide waters while 60 installations of this Service 
cover the fresh waters of the Great Lakes, 
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5* The Dominion of Canada, Department of Transport, and the 

Uhited States Coast Guard radiobeacon systems are closely coordi- 
nated through most friendly cooperation and relationship between 
the operating agencies concerned. Methods of operation of the two 
aystotts are practically the same in all respects so that a mariner 
traversing the waters of the Dominion of Canada and the United States 
interchangeably utilizes the services of both systems as if they were 
operated by a single agency. Operating characteristics of the majori- 
ty of Dominion of Canada radiobeacons are included in Coast Guard 
light Lists and are shown on Coast Guard radiobeacon charts, 

6, The considerable number of radiobeacons operated along the 
coasts of United States and Canada require a method of operation 
utilizing carefully selected power outputs and frequencies together 
with a precise schedule of designated minutes for signal transmis- 
sion in order to give maximum service with a minimum degree of inter- 
ference within the presently allocated marine radiobeacon band, 

7, United States and Dominion of Canada marine radiobeacons 
operate on the even frequencies of the presently allocated marine 
radiobeacon frequency band of 285 to 315 kilocycles. Installations 
within an area are grouped by threes wherever practicable with each 
installation transmitting on alteimte minutes in scheduled 10 minute 
periods of each hour during clear weather. This arrangement permits 
a three point radiobeacon fix by the mariner during the scheduled 
periods in clear weather. Repeated operation on alternate minutes 
during low visibility without regard to the hourly 10 minute clear 
weather schedule periods permit bearings to be obtained on a single 
station no less than once every 3 minutes during fog or other low 
visibility conditions. The method of operation of U, b. radiobeacons 
is explained in detail in Coast Guard light Lists and radiobeacon 
charts and in U, S. Hydrographic Office publication H.O. 205 titled 
"Radio Navigational Aids," 

8, Distance finding employing the mariners' comparison of the 
time reception by aural means of synchronized signals emitted from 
a radiobeacon and a sound fog signal located at the same station 
was inaugurated at Cape Henry Light Station, Virginia in February, 
1929, This method of distance finding has proven quite satisfactory 
and at the present time m Coast Guard radiobeacons are sjTichronized 
with sound fog signals at the same station to give this seinrice. 

Full explanation of the distance finding feature is covered in the 
publications mentioned above, 

9, Radiobeacon installations within the Coast Guard are fully 
standardized with respect to electronics equipment involved. Service 
tested and proven apparatus changes are continually being incorporated 
in existing and newly established stations to provide simplified 
installations of the most reliable nature. Recent technical improve- 
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merits include the use of vertically polarized emissions to reduce 
"night effect," stabilized modulation and radio frequencies to 
permit improved audio and radio selectivity are being provided to 
combat atmospherics and interference, 

10, The operation of the marine radiobeacons are under constant 
surveilance by a system of monitoring utilizing radio stations in 
the Coast Guard communication net work euid a few specially designated 
monitor stations at favorably situated units. Monitoring is accom- 
plished from 39 stations each provided with specialized equipment. 
These monitor stations make systematic checks for signal failure, 
frequency variance, faulty signals, emission of signals beyond the 
tolerable limits of designated operating minutes, strength of signal, 
speed of transmission, etc. Monitoring provides a means of expediting 
correction in defective radiobeacon opei*ation and adds in the dis- 
seminating of information as necessary to marine interests tiirough 
radio broadcasted and printed notices to mariners. Monitor station 
reports are summarized each month and these summaries condensed in 
one fora or another are published to radiobeacon stations in various 
areas to appraise each other of their performance records. This has 
been found to create a friendly competitive spirit between individual 
radiobeacon station personnel to the benefit of efficient and reliable 
operation of Coast Guard radiobeacons as a whole. 

11, United Gtates marine radiobeacons also operate for radio 
direction finder calibration purposes on request, i'ransmission for 
such purposes is continuous without the silent 2 minute interval 
unless another station in the same frequency group is in operation 
at the time. Continuous operation for calibration cannot be under- 
taken during rogulai' schedule pei’iods of radiobeacon operation, 
Requests for tids service can be made direct to the station by tele- 
phone, telegraph, or a whistle signal consisting of three long blasts 
followed by three short blasts repeated until the requested station 
coiiimences transmission for calibration. The sanie group of signals 
are to be sounded at the termination of calibration. A flag hoist 

of international code signals "J" over "K" is the proper visual signal 
to display for request for radio direction finder calibration service 
if attention of the radiobeacon station is not attracted by the whis- 
tle signals, 

12, The names, locations and operating characteristics of United 
States marine radiobeacons are published in Coast Guard and Navy 
Hydrographic Office Light Lists and in Navy publication H. 0. 205. 
Similar data is also shown on the three radiobeacon charts issued 

by the Coast Guard, Reduced copies of the 1947 edition of these 
charts included with this paper show Loran coverage over Atlantic 
and Pacific coastal areas as an added feature. Full size multicolor 
charts are distributed vvithout charge each year to maritime interests 
on an automatic mailing list and on separate request. 
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The reduced size charts are included in Coast Guard Atlantic, Pacific 
and Great Lakes Light Lists vrtiich are sold through the Superintendent 
of Documents, Washington, D. C., and his authorized sales agents. 
Lists of the sales agencies are published from time to time in United 
States Hydrographic Office notices to mariners and other publications 
of that agency. 
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ABSTRACT 


This paper reviews the past and present state of Marine Direction 
Finding and compares its merit and fields of applications with that of radar 
and loran. 

Marine Direction Finders, while they have incorporated all the 
design and component progress made in radio in the last 20 years, are still 
not only working on the same basic principle, but the means of achieving 
measurements are practically the same as 20 years ago. The author studies 
some of the reasons for this condition and reviews what seems to limit 
further progress. 

A number of suggestions for improvement follow, with a short 
discussion of their practicality; use of other parts of the frequency 
spectrum; use of pulse transmissions to reduce night effect; use of direct 
reading indications of bearings, and combination of distance measurement 
with bearing measurements in order to obtain a fix from only one beacon 
station. 



NSW DEVELOPMENTS IN MARIN8 RADIO DIRECTION HNDERS 


Introductory 

The technique of the simple loop direction finder operating on 
medium frequencies is now too well-known to justify repeating, in this 
paper, information which we are sure is fresh in the minds of all who are 
interested in this field. Well-known also are propagation effects, 
deviations caused by the ship's structure, and deviations due to other 
causes. 


It is only for the purpose of presenting an evolutionary per- 
spective of the -technique since the beginning of the century that in the 
first chapter the development of the Marine Direction Finder is reviewed} 
and that the progress made by direction finding technique in general, for 
other applications is reviewed. 

It seems important, to us, to compare the Marine Direction Finder 
with the new radio aids which were developed during the war, as a means of 
determining the causes for, what seems to be, an over-stabilization of design; 
and, as indicated by the title of this paper, to survey possible new develop- 
men-bs in the field which may make the Marine Direction Finder a still more 
useful instniraent of navigation. 

I. The Marine Direction Finder 

Evolution and Present State of the Art 


The direction finder is the oldest radio aid to navigation. 

Either under the form of the small rotatable loop, or before that under 
the the form of the large, fixed crossed loop, the direction finder of the 
pioneers in the art, was the first instrument making use of the directive 
properties of electromagnetic waves to determine the position of a mobile, 
or the origin of a radio transmission. Early disclosures before World War I 
give the names of Stone-Stone, Bellini-Tosi and Blondel among the first to 
invent, to propose and to try radio direction finding systems. Later Watson- 
Watt, Mesny, Adcock, Smith-Rose and many others continued to establish the 
foundations of the new science; by studying propagation and polarization 
effects, deviations, reflections, etc. 

Now direction finders exist, or can be designed, to cover accurately 
all the frequency spectrum in which radio transmissions are taking place. 

They are fixed or mobile. Indications are very often obtained in a direct 
reading manner, through a mechanical pointer on a fixed scale (aircraft 
radio compass), or in an instantaneous manner on the screen of a cathode 
ray tube, (fixed short-wave direction finder). 

The Marine Direction Finder for shipboard installation was made 
practical when radio amplifiers became available after World War I. 

In the United States the early work of Dr. Kolster, who in 1913 was already 
pushing the installation of shore radio beacons, resulted in demonstrating 
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the radio conpaea and position finder on board the U.S.L. T. T^^lip 
(Coast Guard) in J\me 1921. In 1923, Marine Direction Finders were placed 
on the market by the Federal Telegraph Company at Palo llto. They consisted, 
basically, of a rotatable shaft which carried a pointer moving in front of 
a magnetic compass dial. Remarkable enough, in spite of all progress made 
in radio since that time, all the Marine Direction Finders now on the market 
in the United States consist basically of hand operated rotatable loops j the 
pointer actuated by the shaft moves in front of a fixed scale or a scale 
controlled by a repeater from the gyro compass. These direction finders 
cover the frequency range of 285-315 Kc. assigned to this service. The 
frequency range is often extended to 500 Kc., to permit taking bearings on 
other ship transmissions and other fixed stations transmitting within this 
extra band. The operator observes the bearing of the radio beacon by finding 
the positions of the loop corresponding to the nulls of signal of the well- 
known figure "S* directive pattern of the loop collector. Proper design, 
balance of the loop, sensitivity of the receiver, etc., will determine the 
sharpness of the null and the quality of the direction finder. Deviations 
caused by the ship structures, which may run as high as -15°, are compensated 
for by a mechanical corrector incorporating a cam adjusted according to 
deviations determined during the calibration process. The elimination of 
sense a&biguity is obtained through the transformation of the figure "8" 
diagram into an approximate cardioid diagram resulting from the effect 
obtained from a small vertical antenna. 

The modem marine direction finder of the rotatable loop type, using 
either a selective TEF or a superheterodyne receiver, is a reliable instrument 
which, when well-maintained, will provide readings with an accuracy of 1 ° 
in 70 or 805f of the bearings, and 2 or 3° for the rest of the bearings, after 
calibration. Ranges up to 100 or 150 miles on medium power beacons are 
currently obtained. Recalibrating after months of use will not show more 
than 1 / 2 ° or 1° difference from previous calibration; if proper precautions 
are ttdcen not to modify the superstructure of the ship near the loop. 

Abroad, the principle of fixed loops and rotatable goniometers of 
the old Bellini-Tosi t 3 rpe has often been used; as well as the rotatable loop 
principle. 

Efforts were made as early as 1926 to render the operation of 
direction finders automatic, in which case the operator need only to tune 
the receiver to the desired radio beacon and then to observe the position 
of a needle on a scale indicating the bearing directly. In 1929, a direction 
finder of the automatic type, developed by the Laboratories of the KT.& T. 
system in Paris, was demonstrated on a small private ship in Mediterranean 
waters. It furnished a complete, direct 360° indication without sense 
ambiguity. A few years later, a series of about 25 of such automatic 
direction finders were installed for normal service on ships of the Portugese 
Navy. While their maintenance was heavy, the principle of automatic operation 
without sense ambiguity was completely achieved. In spite of these early 
efforts, no Marine Direction Finder of the automatic type is presently in 
practical use, as far as our information goes. This is undoubtedly due to 
two causes; 
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1, The apparatuses built by the first experimenters were cos^y 
and probably too complicated for normal maintenance. 

2. The simplicity of operation and the reliability of the 
rotatable type of loop direction finder was such, that there was very 
little incentive to change to the automatic scheme. 

The simplicity of the radio beacon is probably also the reason 
which limited the progress and application of more elaborate t 3 rpes of 
transmissionj such as pulse transmissions, which have allowed for dis- 
crimination between direct wave and the ground wave, thus eliminating 
part or all of the night error which limits the range of direction finding 
at night. Considerable research and design work was made in the field of 
short wave and ultra short wave direction finding prior to and during 
World War II. This resulted in a considerable improvement in the operation 
of short wave fixed direction finders. During the war the United States 
Navy installed an Important net of such stations. They are now operated by 
the Coast Guard and can be alerted in case of distress. 

The Army Air Forces and the Air Transport Comm€md also installed 
hundreds of instantaneous cathode ray indicator direction finders, for the 
purpose of guiding and rescuing aircraft, before any other long range 
navigation system was available. On the eastern seaboard of the United 
States a net of SCR-291 direction finders can be alerted in case of distress. 
Medium wave Adcock fixed direction finders susceptible to high accuracy at 
night are also available. 

The night effect is the main limitation of medium wave direction 
finders of the loop type. Direction finders, of course, are not the only 
radio aids to navigation which suffer from the effects of sky waves reflected 
by the "E" and "F" layers of the ionosphere. Solutions to the problem of 
night effect which have been applied to shore direction finding stations 
have been, so far, not applicable to shipboard installations, because of the 
size and dispositions of the antenna system. Night range is, therefore, 
limited to something of the order to 50 miles. In the last chapter of this 
paper we will come back to this problem and discuss possible improvements. 

We shall summarize this chapter in stating that the first radio 
aid to navigation, the Marine Direction Finder, is a reliable and simple 
instrument, still making use of the rotating loop, and means of indication 
of the same type as was used 20 years ago. 

II. A Comparison of Merit and Field of Application 
with Kadar and Loran 

As a result of the inventions and progress made in timing systems, 
radar and loran, during World War II, the Marine Direction Finder seems to 
be subjected to considerable competition from these two systems. The opinion 
that the direction finder could become imlmportant gained some momentum at 
the end of 1945 and d\iring 1946, when the first releases of the new radio aids 
were made public. At the present time, the situation is much clarified} the 
performances of radar and loran are well understood. A detailed examination 
of fields of application shows that Marine Direction Finders and marine radar 
and loran are complementaiy systems, solving different problems of navigation, 
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with some advantageous overlapping in some cases. Marine radar is a short 
range radio aid to navigation, primarily fitted for anti-collision, and 
for pilotage near the shore or at the entrance to and inside of harbors. 

1 range of 10 to 20 miles is a reasonable figure for what can be achieved 
in these applications. Loran, on the other hand, is a long range (up to 750 
miles), accurate navigation system, the operation of which for the determin- 
ation of a "fix", requires somewhat more training and more time than the 
direction finder. The main question is one of world availability of loran 
signals and world standardization, as operators will have to contend with 
stations installed in foreign territories, in many instances. Therefore, 
the Marine Direction Finder with a day range of the order of 150 miles, is 
a very excellent intermediate-distance aid to navigation which can bring a 
ship, with desired accuracy, within the range of operation of the marine 
radar. The advantage of the direction finder, for intermediate distance 
navigation, is simplicity, ease of maintenance, availability and the cheap- 
ness of the radio beacon ground set-ups. About 190 radio beacons are 
installed on the shores of the United States and around the Great Lakes. 
Another 400 are operating throughout the rest of the world. Many countries 
can increase the services made available to their shores at moderate expense. 

We shall conclude this section by repeating the more or less 
accepted opinion that Marine Direction Finders, radar and loran, are 
complementary systems, that availability of loran transmissions will certainly 
be the largest factor which will determine its generalized use, and that the 
way radar is collecting its information, independently of ground or other ship 
cooperation, is the essence of its assured success. 

III. The Present Crystallization of Design of 
the Marine Direction Finder 


In the first section, showing briefly the evolution and the present 
state of the art, we stated that the present Marine Direction Finder is more 
or less crystallized around the principle of the rotatable loop hand-controlled, 
and that the means of measurement by observation of the nulls of the figure of 
"8" directive pattern is the same means of observation as was used 20 years agoj 
in spite of the extraordinary development of radio communication and radio 
navigation during the same period. The art of direction finding as a whole, 
has progressed during the war to the point where techniques and instruments 
are available, or could be made available, in the entire frequency spectrum 
of radio waves; propagation studies have taken place which improved our 
knowledge of propagation greatly. Indicating means also have been considerably 
improved; the automatic aircraft compass equips almost every aircraft; even 
the large ships carry two or three such instruments. Shore direction finders 
are making use of cathode ray tubes for instantaneous presentation of bearings 
to the operator. Ultra-high-frequency direction finders are used in connection 
with airport traffic control. Moreover, investigating the patent literature is 
most revealing; the field of direction finders has not been neglected at all by 
inventors. There seems to be no relation between the crystallization of design 
and the very large number of systems which have been invented. T!e shall try to 
list below the factors which seem to limit introduction of new designs and ideas 
in Marine Direction Finding: 
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1. The reliable simplicity of the present design, 

2. The availability of a world-wide set-up of marine 
radio beacons. 

3. The simplicity of the ground beacons and their consequent 
cheap cost. 

4. The reluctance to introduce, and difficulty in introducing 
changes in the existing world-wide radio beacon set-up, which 
would facilitate the adoption of improvements in Marine 
Direction Finder design. 

5. Perhaps, also, the concentration of the attention of laboratories 
and manufacturers to the problems of radio aids to air navigation. 

Let us next consider whether we have reached a condition where 
further progress can be obtained at reasonable cost; or, whether some new 
approaches can make the direction finder a still more usefiiL and attractive 
instrument for navigation. 

IV. New Approaches Resulting from Determined 
Departure from Existing Solutions 

The following questions will be examined; 

1. Is the present frequency range of 290-310 Kc. the most 
advantageous for this service, or could the use of another part of the 
frequency spectrum result in improved performance with respect to accuracy, 
range or reduction of the night effect? 

Lower frequencies eliminate themrelves because their Inherent 
characteristics demand increased costs of theground stations required, and 
because of the probable lack of such frequencies for this purpose; therefore, 
higher frequencies are suggested. Our experiences in the field of shipboard 
H.F. direction finders leads us to reject that spectrum for the application. 
Ultra-high-frequencies would definitely be free from night effect but the 
range would be limited by line-of-sight conditions; the UHF wave collector 
would have to be installed on the top of the ship’s mast in order to obtain 
a 20 mile range from a transmitter not very high above sea level. In spite 
of a very probable increase of accuracy and the elimination of night effect, 
it seems quite improbable that this would compensate for the increase of 
cost and, more improbable, for the shortening of the range. The Incentive 
for any group to develop a UHF direction finding system on such a fragile 
foundation is certainly too weak to tempt a manufacturer to experiment in 
that direction. 

2. Would an instantaneous direct reading indicator of simple 
design, increase efficiency sufficiently to make it appear attractive to 
the ship operators and to the ship owners, and to subsequently justify 
an effort for its development and adoption? 
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Navigating along the east coast of the United States, where 
beacons are arranged by groups of three on the same frequency, transmitting 
sequentially by xinits of three minutes, tends to demonstrate that an 
inrtantaneous indicator, giving successively the bearings of the three 
stations, would be quite justified on the basis of simplification of 
procedure, A computer could be designed to facilitate either the recording 
or the plotting of the "fix". The type of indication should be such that a 
failure would be immediately detectable. It could be a mechanical pointer, 
a neon or other gas tube or a cathode ray tube; however, the simple^, and 
most reliable instrument would be preferred. In connection with such an 
indicating system, a null seeking loop or goniometer, or a small continuously 
rotating loop or goniometer is generally required. While a complete direction 
finder of such type has not yet been installed for service tests on board a 
merchant ship, various components performing equivalent functions have been 
tested during other developments and results have proved reliability. 

This will be an important factor in the choice of the many 
possible solutions which offer themselves for direct reading direction 
finding. The preferred solutions will be the using of instruments for 
which a good quantitj^ of data on reliability is already available. Among 
such we find the null-seeking type of direction finder with mechanical 
pointer, the rotating loop or goniometer with cathode ray tube nresentation 
and the neon tube indicator, or meter indicator. 

Other methods (those avoiding rotating parts) involve electronic 
goniometers, or various modulation schemes eliminating the need for three 
channel receiving systems. 

Generally speaking, whatever the method used to get the directive 
information tlirough one receiving system, the indicator can be of any of 
the three most important classes just mentioned. 

There is room for ingenuity tn. design to satisfy the useful 
requirement of simplification of procedure, 

3, Could more stability in the transmitter and in the receiver 
permit utilizing channeling principles, as used in communication systems 
or ns proposed for oth-^r navigation systems? 

The resulting simplification of the tuning of the receiver 
on the radio beacon should rightly be an added feature of a direct reading 
direction finder. Convenient stability has already been achieved in many 
beacons and the cost of stability in the receiver could be kept reasonably 
low. 


This has another aspect. The band width generally agreed upon at 
present in direction finder receivers is many times larger thnn necessary, 
even for the purpose of identification of the radio beacon. The audio 
frequency modulation of the beacon is not basically required. Provided 
sufficient stability is assured in the transmitter and in the direction 
finder receiver, the present band width of the direction finder receiver 
could be decreased ten fold; which is equivalent to an increase of ten times 
the transmitter power. Much further improvement would still be possible, 
but might require costlier design. Further advantage can be derived from 
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tnis increase or sensitivity Dy increasing tne accuracy ana stability or 
the direct reading direction finder. 


Very small band widths, of the order of 20 radio frequency 
cycles, are being tried in connection with present development, s of Long 
RMge Navigation systems, 

4 . Could night effect be reduced by the use of pulse transmissions? 

Pulse transmission for the purpose of discriminating between 
the ground wave and the sky wave was proposed and tested in Germany prior 
to the war. Expected results were obtained) the disadvantage being in the 
band widthrequired for the transmission. The circuits to separate the 
ground waves from the sky waves in the receiver w'ould be definitely more 
expensive and complicated to maintain than the simple circuits of the present 
receivers. In spite of its promising aspects, this system would require 
a considerable amount of further development before a sound opinion could 
be formed concerning its practicable value. It is still doubted that such 
an improvement resulting from increased range at night would justify itself. 
However, the question would merit much more detailed consideration if the 
pulse transmission from the ground beacon could be taken advantage of for 
the purpose of distance measurement. 

Any such modification of the present radio beacon set-up on a 
world wide basis, would meat all the difficulties of application that we can 
readily imagine, and would contribute to discouraging the inventor or the 
manufacturer. 


5 . Is the combination of the Marine Direction Finder with some 
distance measiiring system desirable and/or possible? 

In air navigation the R-Theta system has reached justified 
success due to many advantages, two very important ones being, (l) that a 
complete "fix* can be obtained from one station and supposedly from one 
transmission, and (2) that the accuracy of a "fix" is the same for the 360° 
coverage of each station. Distance measuring equipment making use of 
ultra-high-frequencies would not be of much assistance to the Marine Direction 
Finder because of its range, limited by the line-of-sight condition. However, 
one can imagine a medium wave distance measuring system using phase measurement 
of an audio frequency modulation for the determination of time of travel and, 
therefore distance. The ship could interrogate the radio beacon on a medium 
frequency channel assigned for that purpose) the audio signal received at 
the ground beacon would be re-transmitted through the beacon to the ship, 
where the audio phase measurement resulting in distance Indication would be 
effected at the output of the direction finder receiver. The drawback to 
this syrt'^m is that only one ship at a time would interrogate the beacon) 
but this inteiTogation should not need to last more than a number of seconds 
for each call, and should be limited in time) an Indication of the availability 
of the chaimel for such interrogation could be provided, with self-identifica- 
tion of own transmission. This distance indication system could be introduced 
in the form of attachments which would not require world-wide acceptance before 
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advantages are realized from the first installations. Considerable 
development work would have to take place to solve properly such a 
problem and it is very doubtful that a private enterprise would decide to 
start such a project unassisted. 

Conclusions 


Among the possible improvements to the Marine Direction Finder 
which may be recognized in the not too distant future, we see the automatic 
indication of bearing and a reconsideration of the stability and channeling 
of radio beacons, for the purpose of improving performance. Moreover, it 
seems that the combination of the shipboard direction finder with some form 
of a distance measuring system, would result in an attractive navigation 
scheme, upon the development of which some imaginative effort could be 
applied in the next few years. No simple solution is available to eliminate 
or reduce the night effect at present. 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 
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THE DECCA NAViaTCR 


Rgport si iiss£ accuracy M description 

^ kSfi 


Summary 


Since first I.MJlaA.IilI.N*, the English chain of Decca 
stations has been established and is in continuous operation# 

Ships of the Rp7al Navy and Merchant Marine have been fitted with 
receiving apparatus, and are making extensive use of the system# As 
a result of trials, the Ministry of Transport has approved the use 
of the system for general navigation within 240 nautical miles of 
London# 


Scientific measurements of the accuracy of the system have 
continued, and an iiwrestlgation of practical application of the sys- 
tem in the Merchant Marine has shown that the system is of great 
value, both commercially and in increasing safety at sea. Mariners 
have given it a very favourable reception# 

A comprehensive prograime of chart production is well ad- 
vanced, charts for all areas in the coverage of the present chain 
will be available this year. 

Some examples are given of the practical use of the Decca 
system made by ships in the course of their ordinary duties# 

A method of Lane Identification, which has been success- 
fully demonstrated is described# 

Iptroductloo 

1 * The principles of 4 he Decca Navigational Syatwi were de- 

scribed at first I.MJl.A,M«N. (Vol* II of report, p 48 ) and have 
also been set out in other publications, 

2 , In July 1946 three transmittitig stations, a "master" and 

two "slaves" (known as Red and Green), situated in South-east England, 
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commenced continuous transmisslone for use bgr naval surveying ships 
and minesweepers and for experimental purposes* A third slave 
(Purple) was put into operation later in the year and the four 
stations form a complete transmitting chain giving all round ccwer- 
age, and designated the En^ish Chain. Royal Navy and Uerchant 
Ships were equipped with Decca receivers and latticed charts were 
supplied* 

3* An investigation of the use of the system in merdiant ships 

was carried out by the Ministry of Transport with full co-operaticm of 
shipowner and chips' officers, to assess its practical possibilities* 
Attention was mainly directed to determining (1) the opinions of 
ships* officers on the use of the apparatus, (il) the value of the 
information given under actual working conditions, and (ill) the use 
that was made of this Information. In addition attention was paid to 
ensuring that the method of presentation enabled the mariner to make 
the best use of the system* 

4* The Admiralty have continued scientific tests of the ac- 

curacy of the system both on the English Chain and on the experimental 
chain installed earlier on the south coast of England* 

3* The Decca system has had a remarkable welcome amongst mariners* 

The factors responsible for this are first, the hi^ degree of acciracy 
in fixing position, second the simplicity of operation, and third the 
rapidity with which a fix may be obtained* 

The final criteria of a radio navigational system are whether 
it will .increase safety at sea and justify its use commercially* The 
indications are that both these conditions are fulfilled by the Decca 
system* 

6* On the basis of the Admiralty investigations into the accxiracy 

of the system, and of operational trials, the system has been approved 
by the Ministry of Transport for commercial use as an aid to general 
navigation within 240 nautical miles (440 kilometres of London, which 
includes the whole of the coasts of England and Wales and the adjacent 
Continental waters* This approval is subject to measurements of 
geodetic errors and lattice distortion in the area of each large scale 
chart before it is issued* 

7* It is probable that a chain of Decca stations will be set up 

in Scotland to give coverage around the Scottish and North of Ireland 
coasts. The addition of a chain in the vicinity of Denmark would pro- 
vide continuous cover from any port in the United Kingdom to well into 
the Baltic Sea* 
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8* The Sitee and Freqtiencles of the fowr stations in the 

English chain are:« 


Master Statioo 

Near Hare, Hertfordshire 
Red Slave Station 

Near Norwich, Norfolk 
Green Slave SUtion 
Near Lewes, Sussex 

Near Wormleighton, 
Warwickshire 


Freqwncy ® 85.000 Kc/s 


Frequency = 113«333 Kc/s 


Frequency s 127,500 Kc/s 


Frequency » 70,833 Kc/s 


In addition three monitor stations are operated by the Decca 
Navigator Company to monitor each lattice pattern. Continuous monitor- 
ing of all the patterns is also cairied out at an Admiralty station. 

9. Fig, 1 shows the positions of the transmitters, the coverage 
(reckoned from London), and the transmission zones. Each red zone 
comprises 24 lanes, each green zone 18 lanes, and each purple zone 30 
lanes. As it is essential for the transmitters to operate with un- 
broken transmissions over the 24 hoiirs of eadi day, three complete 
transmitters are employed on each station. One is the operating trfjns- 
mitter, one is an immediate standby and has all filaments on and is 
ready to take over should the operational transmitter fail, and the 
third is available for maintenance. Automatic relays operate immedi- 
ately if the working transmitter fails and the standby is brou^t into 
service in less than 1-^ seconds. In addition, each station is pro- 
vided with two diesel generators and one petrol generator in case of 
failxire of the public mains power supply. One diesel generator is 
constantly running in readiness for immediate change-over. Trans- 
mitter power output is 2 kilowatts and with an aerial efficiency of 
U% the radiated power is 900 watts. 

10, During the earlier trials the Master and only the Red euid 
Green slave stations were used, but the Purple slave was brou^t into 
use later. 
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Operation of EQulrnent 

11a During the trials the approximate position of the ship was 

known either at the beginning of a voyage or at sane other convenient 
point and it was possible to set the meters to the whole number of the 
lane in which the ship was situated. This setting is made after the 
receiver has been allowed to warm up by means of a knob and when this 
is released the fractional pointer immediately indicates the fractional 
part of the lane, and the exact position of the ship may be determined. 

As the ship moves the pointers rotate and the lane nxunbers increase 
(or decrease by one for each revolution of a pointer, so that a fix 
may always be obtained from the readings of the meters* 

12. Should some disturbance rotate the fractional pointer more 
than half a revolution, it may return to its original position via the 
remainder of the arc. In this manner a whole lane may be gained or 
lost. This phenomenon is referred to as "lene-s lipping". Lanes may 
also be gained or lost at night, should the direct wave and the re- 
flected skywave be of comparable magnitude and out of p^se. 

13. This possibility of error would be a serious defect in the 
system, but will be eradicated when the Lane Identification system is 
established. Lane Identification provides automatic information of the 
correct lane numbers and the mariner is therefore not dependent on 
knowing his geographical position in order to set up his meters. 

Accuracy Trials. 

14. To provide a reliable assessment of the absolute accuracy of 
the Decca system is difficult, since the errors expected in the system 

are canparable with those of normal methods of navigation; results obtained 
In the ordinary course of navigation are therefore suspect, A series of 
trials is in progress in which the measurements have been made on board 
surveying vessels, the fixes being of the quality considered satisfactory 
for hydrograjiiic survey and the result of these trials ^ould be free 
from uncertainty, 

A considerable amount of time is involved in taking such 
measurements and analysing the results. Full details are not yet avail- 
able but some preliminary figures may be quoted. Some 48 fixes were 
taken in the Thames in the region of Tongue Sand Fort (where the lane 
width is about 920 yards (841 metres) on the Red, and 1200 yards (1104 
metres) on the Green Pattern), showing standard deviations of 0,033 of 
a lane and 0,028 of a lane on the Red and Green Patterns respectively. 

These observations cover a compiaratively small area and in addition 
to the scatter recorded above, appreciable systematic errors have been 
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observed; they were of the order of 0.04 of a lane on the Green 
Pattern* The question of such systematic errors is still under in* 
vestigatlon* They may be due merely to local effects at the shore* 
based Monitor Stations | causing the phase constant of the pattern to 
be adjusted incorrectly. Another possible cause is the slight dis- 
turbances In velocity of propagation dusi for example, to variations 
In the conductivity of the soil* A further source of uncertainty 
lies in the siting of the transmitting and monitoring stations, since 
the survey of the United Kingdom was carried out In detail, county by 
county, before a primary trlangulatlon was available; these detailed 
surveys were later adjtisted to fit the primary trlan^latlons but 
small errors are known to exist and it is possible for the relative 
positions of two stations in different survey areas to be iu error* 

This is being checked by direct reference to the new primary trlangu* 
latlons* 

16* Until all these points have been cleared up it is impossible 

to state the maximum accuracy obtainable from the Decca Navigator 
System, but the investigation shews that it is of the same order as 
that quoted at first I.M.R*A*M*N* (Vol* II of Report, p* 164 end 
p* 170), and is ample for coastal navigation* The area which can be 
covered by one chain, to the standard stipulated for difficult 
coastal regions, cannot be finally assessed until more information 
is available* 

17* Trials have been carried out at fixed points ashore to assess 

the stability of the transmitting pattern euid of the receiving sets; 
when the English Chain was first erected some difficulties were ex- 
perienced but these have now been cleared. Even if the pattern is not 
monitered, the automatic phase locking system is capable of retaining 
the pattern within a standard error of *015 of a lane. A receiving set 
(which can of course be used as a monitor) has a standard error of less 
than *01 of a lane at a fixed point (instrumental errors due to slight 
departure from the linear scale law may slightly increase this value 
for general use. It is apparent from these trials that it is now pos- 
sible to erect a chain of stations capable of setting up a space pat- 
tern of phase of considerable reliability* 

18* It is known that the Decca System suffers from appreciable 

errors when the sky-wave becomes comparable with the ground wave, and if 
the sky-wave equals or exceeds the ground wave, lanes may be 'slipped*. 
It is not easy to determine the range at which such effects become 
important because other factors may introduce errors or 'lane slip*. 

In particular. Lanes may be slipped with a smaller value of 
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sky-wave (than is required on the simple theory) if interfering 
signals are present; such lane slips should not be included in an 
assessment of the attainable performance, since if the system were 
internationally adopted, interfering stations would be moved to other 
frequencies* As the Ionosphere is very variable experiments must be 
carried out for a very considerable period if really reliable results 
are to be obtained* £o far these difficulties have preventt'd a very 
firm estimate of the maxinmm range being attained, but the results of 
trials over a comparatively short period, which are summarised in the 
graph (Fig* 6) showing error in miles against range in miles, show 
that it is unlikely that lanes will be lost at distances less than 
300 nautical miles (556 kilometres). It appears that the meters could 
not be set up reliably, even if the exact position of the vessel is 
known, at distances greater than about 250 miles kilometres). For 

the present it is desirable on evidence available to restrict the use 
of the system to 240 nautical miles (445 kilometres) , but this range 
will be modified if experience shows this to be necessary, 

19* Further scientific trials to obtain more results are planned, 

since the enthusiastic welcome given by Marine Users to this system 
shows that a detailed investigation of its performance is worth wMle, 

Use bv the Roval Ka w 

20* Before describing the operational trials on merchant ships 

an account should be given of the use of Decca by the Royal Navy, The 
Navy first used the system, in ccn junction with Gee and Radar to assist 
the leading minesweepers of the Normandy invasion fleet to clear a pass- 
age through the minefields and enable the landing vessels to make a safe 
and timely arrival at the right parts of the beaches. At present the 
Decca system is used by about 24 naval ships including destroyers, 
survey ships, wreck-dispersal vessels, a fishery-protection vessel, and 
a cable ship. It has been particularly valuable in laying channel buoys 
and for fixing the position of submerged wrecks. More ships are being 
fitted so that more extensive use can be made of the system. 

Operational Trials on Merchant Shins 

21* Although the transmitters were in operation by July 18th 1946 

no merchant ships were then in a position to receive transmissions, but 
ships were fitted as quickly as possible with three channel receivers 
(Mark III); the two meters (referred to as Decometers) were fitted on 
a bracket above the chart table, and the necessary latticed charts were 
supplied, A representative of the Decca Navigator Company travelled 
with each ship on its first voyage with Decca equipment, in order to 
demonstrate the method of use to the ship's officers* 
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22. The following tables summarise the stages of fitting, and 

give an overall pictiire of the scope of the investigation, up to 
31st January, 1947, a trial period of six months. Ships fitted after 
January 3rd have not been considered, as at least four weeks exper- 
ience with the apparatus was considered necessary for an adequate 
appreciation to be made. 


Type of Vessel 

No, of ships fitted with and using Decca 
system at; 


July 31 

Aug, 31 

Sept. 30 

Oct. 31 

Nov. 30 

Jan. 3 '47 

Passenger 

- 

1 

2 

_ _ 5 _ 

5 

5 

General cargo 

m 

- . 

9 

. .n _ 

17 

20 

Collier 

Cable -laying 

- r - . 

3 

^ «P M 

4 

_ _ 4 _ 

5 

6 

or sxarvey 

Total all 

1 

m ^ ^ ^ 

- , 

1 

2 

m mm m> 

2 

2 

classes 

1 

8 

16 

25 

29 

33 


Most of the ships were small coastal vessels engaged on regular roiites. 
The total tonnage represented by the 36 different ships was of the order 
of 55,000 tons. The smallest vessel, apart from the survey launch, was 
350 tons, and the largest was a passenger liner of 7,000 tons. 

23. Durtng the course of the trials- the ships travelled from auid 

to practically all the ports of the southern half of Great Btitain and 
the north west coast of Europe, (See Fig, 2.) The regular routes 
included: 


London to: Blyth, the Tyne, Plymouth, Liverpool, Dublin, 
Calais, Boulogne, Havre, Dieppe, Antwerp, 
Rotterdam, Oslo, Copenhagen, Hook of Holland, 
the Channel Islands. 

Harwich to: Hook of Holland, Antwerp, 

Dover to: Calais 

Htill to: Cuxhaven, Oslo, Copenhagen 

In all, about 760 voyages from port to port were made, in idiich the 
Decca navigator could be used for all or part of the way. These repre- 
sent a total of about 17,200 hours use. 


252 












24. Voyages were made by operational research officers of the 

Ministry of Transport on the following routes:- 


London to: Sunderland, Plymouth, Dublin, Liverpool, 

Antwerp, Rotterdam, 

Harwich to: Hook of Holland 
Dover to: Calais 
Hull to: Cuxhaven. 

and the experience gained was of great assistance in assessing the 
practical value of the system* 

25* Details of the charts used are given in another paper (U.K# 

Paper No, 19). They are ordinary British Admiralty charts over printed 
with the Decca lattice. Those principally used on the trials included 
a medium scale chart of the Southern North Sea, and large scale charts 
of the Thames Estuary, the Kentish Coast to Calais, the Schelde Estuary, 
Dunkirk to the Hook of Holland, and the English East Coast* 

In addition, two R.A.F, Experimental Charts 'France West and 
Western Approaches' and 'Great Britain and Eire' (scale 1: 1,000,000) 
were used, these covering the south and west coasts of England and 
Wales, These charts are not intended for marine use, as they are of 
small scale and on a conical projection. However, they were found 
useful by ships travelling in some areas for which large scale charts 
were not available, e.g* the Channel Islands, (See Fig, 3 for coverage 
of charts used in trials)* 

The Admiralty's programme for 1947 includes production of 50 
more Decca charts. With existing charts, these will provide coverage 
for practically the idiole of the seas inside the radius of 240 miles 
from London, The English East Coast is covered from the Tyne to Doverj 
the South Coast from Dover to Land's End; and the West Coast, Wales and 
Irish Sea from Lands End to the Solway Firth, Very large scale charts 
of important ports, such as London and Liverpool, will be available* 

The English Channel, and all the north French coast from Morlaix to 
Dunkirk; the whole of the Belgian coast; the Netherlands boast, includ- 
ing the ZuiderZee, as far as Terschelling; and the adjacent North Sea, 
will also be covered, 

26* Method of Investigation. The methods of collecting informa- 

tion were as follows:- 

(l) Ships were supplied with a written questionnaire and 
log forms; the questionnaire covered the suitability of charts, method 
of presentation, routine followed in plotting readings, etc; in the 
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logs, spaces were provided for filling in the Decca fix against the 
position estloiated from other navigational methods. 

(li) Ships were visited in port after they had used the 
receivers for a month or so. The officers were then invited to ex- 
press their opinions on the system as a whole, and whether they had 
any suggestions for the Improvement of the charts, instruments, etc., 
whether the equipment had proved reliable, and if it had been found 
especially useful on particular occasions. 

(ill) Voyages were made l^y operational research officers over 
representative routes and in different types of ship, to observe the 
practical use of the system. 

(Iv) Infoimatlon was obtained from reports which several 
ships sent In in addition to answering the questionnaire. These re- 
ports usually dealt with circumstances which had occurred to give the 
Decca positions special value. 

Notes on Installation 

27, The equipment was supplied and Installed by the Decca Navi- 
gator Company. No major difficulties were encountered in the fitting 
of the sets, K the ships* chartroom was particularly small, and no 
other space was available, the receiver was clamped to the dechhead 
instead of being mounted on a shelf. The two Decometers were normally 
mounted on a bracket above the chart table, and this position was found 
satisfactory l^y mariners. The aerial, suspended from the ships' mast, 
was led straight through the bulkhead or deckhead to the receiver, Non- 
Insulated aerials were used at first, but several instances of 'lane- 
slipping* In wet weather were attributed to moisture on the aerial 
insulators providing a leak to ground. They were therefore replaced by 
completely insulated aerials taken into the chajrtroom through a dripp 
proof lead-in. The receivers «tre constructed to operate directly from 

llOv D.C, and a voltage dropping register is fitted where the supply is 220v. 
Because scmie ships have "floating" mains, it was found desirable to 
Isolate the receiver chassis from D.C, earth. The chassis on which com- 
ponents were mounted was supported inside the case by rubber feet, which 
both served as shock absorbers and also isolated the chassis electrically. 

Methods of Plotting Routes . 

28. In the waters in which the Decca system has been tested ships 
usually follow routes defined by buoys, moored at intervals of a few 
miles from one another. It is essential for ships to follow these 
routes closely, as extensive areas of sea are still not clear of nines, 
and there are numerous partly-submerged wrecks. While such route-buoys 
exist, the value of the Decca system in good navigation conditions Is 
not as great as it would be if the mariner were free to choose his own 
route. On the other hand, in emergency it is of great value Indeed 
because of the vital necessity of knowii^i position with accuracy. The 
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buoys are useful reference points which mariners use in fine 
weather, comparing their positions with those given by the Decca 
^sten, and thus obtaining confidence in the reliability of the 
system. Dur allowance must be made for buoys being out of position, 
particularly when well out to sea or after rough weather. After some 
use, ships* officers began to use the Decca fixes for checking buoys 
positions. 

29* All ships using the Decca system on regular routes keep a 

ships* log of Decometer readings for the buoys, in both good and bad 
weather. By doing so, the operation of the set is regularly checked, 
the ships* officers maintain familiarity with the system, informatlcm 
is given when a buoy is out of position, and in emergencies (examples 
of which are given later) full use may be made of the system. The 
route is usually laid out on the Decca chart, buoy poeitions being 
shown. In small ships no continuous watch is usually made on the Decca 
Navigator in good sailing conditions, other than the checks at each 
buoy. In Ihst passenger vessels an officer may be detailed to maintain 
a continuous check on the Decca system. This was carried out to great 
advantage by the s,s, "Royal Daffodil" on the Dover-Calais route, where 
tides are particularly strong and liable to carry a ship off course. 

It was necessary to adhere to a strict time schedule, and any devi- 
ations from course were of Importancej an officer maintained a contin- 
uous record of the ship*s position on tracing paper laid on top of the 
chart, and any deviation of the diip from the direct route was immedi- 
ately apparent and was corrected. By means of a large scale chart 
(1:4,910; of Dover Harbour, across whicii the lattice had been drawn, 
the actual course of the ship in the harbour was plotted to within 
about twenty yards,- 

30, Another method of course plotting was devised by the master of 
the s.s, "Wandle", a collier engaged on the Tyne-Londcn run. The course 
having been laid off on the chart, the readings that should be obtained 
on the red decometer as each green line was crossed were measured off 
and listed. Steering instructions were attached to the deccmeters, e.g, 
*Port* against a clockwise arrow, and *Starboard* against a counter- 
clockwise arrow. Once the 6hip*e head had been set for the particular 
course, the ship was kept to the course directly from the Decca readings. 
The red decometer reading was observed as the green pointer indicated 
zero. If the red reading was in error clockwise, course would be 
shifted to port, and if counter-clockwise, to starboard. This method 

is particularly useful in pilotage waters, as immediate indication is 
given (without the delay of plotting) should the ship deviate from the 
desired route. 

Consistency of Decca fixes at navigational reference pototfi 

31, The determination of the absolute accuracy of the Decca grstem 
is dealt with above, and is based on a large number of readings at fixed 
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etatione under scientific observation* The measurements made in the course 
of the operational research trials with merchant ships cannot of course 
be regarded as a check on the absolute accuracy of the system, firstly 
because of the uncertainty of the geographic positions of the reference 
points (usually buoys) and also because the distances and bearings from 
the reference points are themselves subject to error. Nevertheless it 
is considered worthwhile to include some diagrams (see Figs, 4) to 
indicate the degree of consistency of Decca fixes at seme reference 
points. It must be emphasized that the diagrams include the personal 
errors made by the mariner in judging distance and bearing, but readings 
when the ship was more than one cable (200 yards - 183 metres) from the 
buoy have been ignored as likely to be too mudi in error. The buoys 
themselves may shift position with the tides. Also, the fixes were 
taken at random intervals during the six menths trial, by different 
ships, and in the ordinary course of events without any peirticular pre- 
cautions to ensure accuracy. The. discrepancies at ni^t might be ex- 
pected to be appreciably greater than in the daytime, because of the 
skywave effect, but although the standard deviations of fixes of buoy 
positions are greater at night than in daytime, the ratio is less than 
that expected theoretically. The reason would seen to be that the 
variation due to ni^t effect is swamped by the other variable factors* 

32* In order to give seme idea of the accuracy of fixing as it 

appears on a chart, it is pointed out that 1 cable (183 metres) on a 
1 t 150,000 chart is represented ty ,05” (1.3 mm), A fix that will 
give a mariner his position, in a minute, to within ,05” (1.3 mm) on a 
medium scale chart cannot fail to Impress him, 

33* Due to the fact that only two slave stations were used in the 

trials there were areas in which the lattice lines from one pair of 
transmitters were too widely spaced for a good fix. In this case it was 
found useful to use the other set of lines as Position Lines, obtaining 
a fix by means of a cross bearing from a D,F, or Consol station, or from 
the contour of the sea -bod as shown ty the echo-sounder. Examples of 
this use are given later, A useful Position Line was, in fact, obtained 
by B,s« ”Emplre Consistence" off the Norwegian coast in daytime at a 
range of over 500 miles from the transmitters, 

34* Possible causes of lane glirolpfi and unsteadinegs of pointerf . 

(i) Interference ■from ships* radio tran smitter. Remarkably 
little interference has been caused ty ships* trans- 
mitters, Only once has any effect been noticeable, in 
spite of the fact that transmitter and aerial are usually 
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adjacent to the Decca receiver and aerial. The 
only effect observed has been a slight needle 
flicker during telegraphy transmissions, 

(ii) Nolee on ghite^ maipe . On one or two ships while 
normal performance was obtained from the Decca 
installation while the ship was within about a 
hundred and fifty miles of the transmitters, it 
was obsei^ed that lanes were slipped at greater 
distances. The cause of this was not at first 
apparent, as the receiver appeared to be in 
perfect order, and there was no fault in the 
aerial system, but tests showed that there was 
considerable noise from ships mains, and this 
not only interfered with the proper reception of 
Decca signals, but was responsible for the poor 
performance of the ships* wireless telegraphy 
receiver. Lane slipping due to this cause has 
been eliminated by incorporating a suitable filter 
as standard equipment In all Decca receivers, 

• 

ping was observed on one or two ships when the 
load was switched from one generator to another, 
or a heavy load placed across the circait. The 
sudden impulse caused the decometer needle to 
rotate the greater part of a revolution, causing 
a lane to be gained or lost by the time it had 
come to rest. In certain ships where the elec- 
trical installation js unreliable it may be 
advisable to instal a separate source of power 
for the Decca set, 

(iv) Interference from land Radio Stations . This type 
of interference has been by far the most serious 
cause of lane slipping within the recommended 
distance, A Dutch telegraphy station, operating on 
the identical frequency as the Decca master station, 
caused considerable lane slipping on ships passing 
close to the Dutch and Belgian coasts. For example, 
the master of the •’Plover", sailing from Harlingen 
(in the Zuider Zee) to London, reported a loss of 
4 red lanes and 1 green lane between Harlingen and 
the Goeree Light Vessel, a distance of 120 miles. 
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Since thie station has shifted frequency the 
trouble has ceased. 

Experience by Shies* Officers 

35 * All the ships' officers who had used the Decca system for 

navigation, were in agreement that it represented a very considerable 
advance on any aid to navigation hitherto generally available to the 
Merchant Service. Many officers were most emphatic that the system 
would prove of the greatest value to navigators. Their regard for it 
was ty no means lessened, but was rather increased once the installa- 
tion ceased to be a novelty. One officer stated that if he were 
transferred to another ship not fitted with the system, he would feel 
quite lost without it. These opinions were not confined to officers 
who had had experience of modem radio aids during the war; Masters 
who had been at sea for thirty years or more, and who would have been 
expected to be critical of any innovation of this nature in the art 
of navigation, were Just as int^ested. Navigators look forward to 
the time when it will no longer be necessary to remain in swept 
channels, and they will be able to choose their own course and follow 
it by Decca* fixes. 

36. The relationship of the Decca system to radar was also dis- 
cussed with ships' officers who were asked directly whether they con- 
sidered that a ship with a radar set on board would find the Decca 

set superfluous. The opinion was to the contrary; radar and a position 
finding system were complementary to one another. The Decca Navigator 
system by itself cannot be used to maximum advantage in conditions of 
extremely bad visibility, because of the deuiger of collision. Radar, 
while being invaluable as a collision-warning device, can only give the 
ships position when the vessel is within range of land or other known 
reference points, and there are sea conditions in which difficulty may 
be experienced in locating buoys. A combination of Decca and Radar, 
provides all the information that the mariner needs. 

37. The following are examples of the uses to which the Decca 
system was put during the trials period. Although the system has been 
approved for coastal navigation, it is evident that it has a much wider 
field of usefulness. 

a. Maintaining course in open sea away flrom sight, of land. 

This of course is the most obviotis use of the system 
and when the buoyed routes are removed, will become 
more important. So far it has been used only by 
ships crossing the North Sea or the En^ish Chwnel, 
where the direction of the lanes happens to be con- 
venient for ships to follow one particular lane in 
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order to reach the buoyed routes to London* 

Ships crossing the North Sea from Germany can 
follow a lane for abo^jt 100 mileS) and be 
brought up to the Smith's Itooll Lightship off 
the East Coast of England* ’’Using the 1 i 1,000,000 
R.A*F, Chart, the master of m*v* "Channel Coast" 
found that by following the green lattice line J30, 
he cotild make a good course from the Channel 
Islands past Cape La Hague to the English Coast, 
emd has sailed on this line regularly* 

b* MalntainLig course when visibility nreyents any sea 

3laftd.,r .fraiLfeslag.. eg.SB« 

Several instances of this type of use were re- 
ported, of which two 6kre quoted. The mast of 
8.6* "Wandle" reported using the Decca Navigator, 
in conjunction with the echo-soxaider, for navi- 
gating in fog from Flamboro' Head to HI Bupy, 
about 40 miles, and after sighting the buoy pro- 
ceeding to London, in moderate visibility. On 
the retian trip, in similar conditions, the Pilot 
cutter was picked up in its aj^olnted position at 
the entrance to the Tyne, idien other vessels were 
anchored unable to make the port through the fog* 
The master of m.v* "Oriole" reported that he had 
navigated fron the South Foreland to Le Havre 
Light Vessel in thick fog, without sl^t of any 
buoy or beacon; and that the final leg of his 
course, all of vhidi was carried out Decca 
readings, had led him straight up to the light- 
vessel* 

The captain of the "Empire Spearhead", a liner 
employed as a troopship between Hull and Cuxhaven, 
and which is fitted with radar, sent this report: 

"I would like to bring to your notice, as 
a matter of Interest, two occasions where 
the Decca proved itself extremely useftil 
and accurate dxiring the passage Just com- 
pleted* 

During heavy snow (visibility mile) the 
course was altered to make a known pos- 
itive error on one side of the track, 
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until the Dacca co-ordinate was 
reached which passed through the 
position of the buoy. Course was 
then altered to correspond with the 
direction of the co-ordinate. In a 
very short time the buoy was picked 
up right 8diead, 

This procedure was again used to pick 
up a buoy, the light of which was ex- 
tinguished, and the buoy was found 
close-to in the darkness. The only 
weakness, of ccurse, lies in turning 
the ship across the channel of traffic 
in thick weather, and without Radar, 
it would be a bad practice," 

It should be pointed out that this was carried 
out in an area in which a cross fix was not 
possible, as it was a "blank" area for the red 
lattice, and the purple decooeter was not 
fitted. On a subsequent voyage, with a 
Ministry of Transport observer on board, this 
co-ordination of radar and Decca was agedn 
used in similar weather conditions and with 
the same successful result. 

c. litetBiftlBing. §.bwye<[ FQVtf . frt 

pieht» when sane of the buoys axe eattinguisbed* 

It is not uncommon for buoys either to be out 
of position or their li^t extinguished, 
particularly eifter rough weather, and this 
may be disconcerting to the mariner idio is 
following a buoyed route at night. Several 
instances in which Decca was of use on such 
occasione have been reported. The master of 
m.v, "Falcon" sent in this report* 

"At night in a rough sea, vessel in 
ballast, an unexpected buoy was observed 
flashing every five seconds. No such 
ll^t being expected, and ship only 
Just costing on to the Decca chaurt, there 
was doubt as to position. Decca estab- 
lished position, found correct by sub- 
sequent bearings off Dungeness after 
course was altered. The buoy was P.B.2, 
flashing incorrectly. 
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Outward bound for Havre, steering for 
buoy D.B.3, the buoy was not sighted. 

At Decca position for D.B,3, course 
was altered for next buoy, D.Bo3 was 
then sighted close alongside (within 
feet) with its li^t extinguished.'* 

d» Allowance for the se t of tidal streams 

Even when weather conditions are ideal, and the 
ships position is in no doubt, the Decca Navi- 
gator can still render good service by giving 
an immediate and continuous record of the 
eunoimt by which the ship is being set by 
tidal streams, so that the course and speed may 
be adjusted accordingly. This facility was 
used particularly on the Dover Calais run by 
the '*Royal Daffodil** who (as previously men- 
tioned) main'tained a contlnuotis record of her 
course across the channel so as to correct her 
course as soon as any deviation was observed* 

It is in fact this correction of the setting 
of a ship ty tidal streams, and by wind, and 
the resultant saving in time, which makes the 
Decca Navigator valmble on even short mms* 

e. Use for pilotage at short-range 

In the Thames Estuai^, the acctoracy of the 
Decca system is very high* The m,v, '•Goldfinch" 
was successfully navigated in fog, vl slbillty 
25 yards, throu^ the difficult Princes Channel 
in the Thames Estuary, ri^t up the Thames as 
far as Thames Haven through a 300-yard8 wide 
channel, mainly by Decca readings. Decca 
charts were not available for any of the 
hi^er reaches of the river, otherwise the 
ship wovild have continued further* 

f* Anchoring in a safe position in fo£. 

The occasion may arise when it is advisable to 
anchor in a position well clear of the shipping 
channel* s.s* "Cormorant" reports that in 
dense fog in the Thames, the ship was anchored 
in a position indicated by the Decca Navigator 
as being to the north of the shipping channel* 
Upon the fog clearing, the position was exactly 
confirmed* 
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of land) . and Location of a partlcvdar 
reference point at eea (e«g. a broken cable ) 

Theee special applications of the Decca Navi- 
gator are the subject of a report by the 
master of H.M.T.S. '‘Iris'*, a cable ship oper- 
ating from Dover, on the occasion of a repair 
to the Anglo-Dutch No* 4 Cable, No Decca 
chart of the area was available at the time, 
and it was therefore necessary to make a 
special one. The report states that the ship 
was at sea before information was available 
to make a chart, and continues t- 

•‘When the Decca co-ordinates were received 
on the evening of the f Irst day they were 
plotted on the grappling sheet and an ap- 
propriate Decca lattice was constructed 
from the information provided - zone and 
lane number, width and direction of the 
lane. It was then found that the cable 
was half a mile to the southward of its 
charted position. 

Subsequent grappling for the Dutch end of 
the cable on t>he following day was plotted 
by visual fixes frem the Mark bn.ioy, but 
grappling could quite easily have been 
undertaken without a mark buoy, the plot 
being kept by the Decca alone* 

When laying in the insertion, one mile in 
length, a plot of the track was kept by 
visual fixes from the mark buoy in the 
usual way, but the lay was controlled en- 
tirely by Decca, It happened that the 
Decca Red Lane was parallel to the track 
of the cable so that a deviation of ten 
yards to port or starboard of the line was 
immediately indicated on the Red Deco*eter 
and appropriate helm action could be taken 
at once to maintain the course,. A table 
was drawn up beforehand showing the dis- 
tance along the far cable buoy at each 
crossing of the appropriate Red lane 
along which the lay was being made by 
every tenth part of a green lane. The 
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distance off the cable buoy at any time 
was thus readily ascertained. 

In order to test the reaction by visiial 
fixes, the ship was allowed to drift up 
ta fifty yards off the track by the red 
decemeter before counteracting the set. 

The visual plot confirmed the track 
made by the Decca Navigator, The lay 
was made across a two knot tide. 

It so happened that this was an ideal 
example of the use of the equipment, 
but as experience is gained more ways 
of waking use of the Decca Navigator 
become apparent. It is again stressed 
that only by the provision of the ap- 
propriate lattice charts can full ad- 
vantage be taken of this remarkable 
aid to navigation." 

In a later report dealing with repairs to another cable an 
account was given of the use of Decca and Radar in conjunction. The 
Master emphasises that without these two aids it would not have been 
possible to begin work because of weather conditions, "Not less than 
3 days have been saved on the repair, thereby reducing the expense 
considerably and restoring an important cable to service 3 days be- 
fore it could normally have been possible," 

h, Maintenance of Buoys 

A report was received from the master of the 
Trinity House Vessel "Alert", responsible for 
the maintenance of buoys at the approaches to 
London, The officer-in-diarge cites these 
foixr examples, after making a general state- 
ment, 

"On 26/11/46 "Alert" was detailed to re- 
light South Goodwdn No, 2 Gas Buoy, It 
was not possible to arrive at the casualty 
before dark. Assisted ty ’Decca’, "Alert" 
was navigated to within searchlight range. 

The buoy was located and relisted, 

TJith only dead reckoning aids, night work 
in this area of strong cross tides and 
shipping would be neither prudent nor 
practicable. The tending steamer would 
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have been compelled to await dayli^t, 
by which time the weather had broken 
and the operation could not have been 
attempted for yet another 24 hours* 

As it was "Alert" was able to relight 
the buoy at the earliest possible 
moment, thereby reducing risk of 
damage to the buoy or passing chips 
throu^ collision and was then free to 
carry on with other work as ordered* 

On 12/12/46 assisted ty Decca, "Alert" 
located and relisted 53 B Searched 
Channel Gas Buoy before dawn during 
a storm lull* Having got away with 
this early start it was then possible 
to utilize to the full one of the 
shortest days of the year* Nine gas 
bupys were lifted and 130 miles were 
steamed in so doing* 

"Alert" was detailed to replace the 
missing H*F.P* Whistling Gas Buoy, at 
South Shingles on II/I2/46* The AP 
was found before dawn by incorporating 
Decca and dead reckoning, and the buoy 
got ready overboard for laying* At 
first light the Decca position was 
checked and found correct by angles 
and the buoy was laid. Half £in hour 
later the weather was lanfit for the 
operation. 

On 6/12/46 FBI Gas Buoy (Dover Straits) 
was missing from station* Notwith- 
standing a strong cross tide and con- 
siderable traffic, "Alert" aided by 
Decca carried out an organised search 
with a thoroughness, speed and ef- 
ficiency not possible with dead reckon- 
ing alone* 

The above four incidents are not isol- 
ated examples of Decca co-ordination, 
in fact there are very few working 
days when it cannot be used to expedite 
operations*" 
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!• Survey work in areas close to the transmitters « 

The Decca Navigator has been used for survey 
work by "Franklin** a survey vessel 

carrying out work for the Hydrographer of the 
Navy, The method used in order to obtain the 
hi^.est degree of accuracy, is to keep one 
set in a fixed position as a local monitor, 
while a second set is employed in the motor 
boat used for the actual survey. In this 
manner temporal variations can be eliminated 
by providing conmunicatlon between the oper- 
ators of the two sets and applying any vari- 
ations noticed at the fixed station to the 
mobile one* A few extracts from the Command- 
ing Officer’s report are given, 

"24th July 1946, During the forenoon 
the sweep oyer the 14 foot wreck was 
completed. The positions of fouling 
have been plotted from the observations 
taken this day, corrected for Monitor 
station readings. After this, the wreck 
passed over on Fix No, 25 of 23rd July 
was re-located easily using only Decca, 

The Green and Red values were the same 
plot as before when the ship was over 
the wreck. This was the most convincing 
test yet done, as the visibility was so 
poor that no marks could be seen except 
the floating beacon "Tites" and there 
was no swirl from the wreck visible. 

It is considered to be quite invaluable 
for surveying, its accuracy bn 
scales of 175,000 and smaller, is as great 
or greater than that obtained from normal 
sextant and Station Pointer fixing on 
floating beacons, when visibility con- 
ditions, human errors and plotting 
errors are taken into account," 

j. Correcting for conrpaaa _en;ors 

It may happen that a vessel has to put to sea 
with a cargo which ajipreciably affects the 
magnetic compass, and no gyro-compass is fitted. 
Such a case was reported ty the master of s.s, 
"Elysian Coast" which was loaded with a cargo 
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of phosphates contained in steel drums* These 
drums produced such a deviation of the compass 
that it was found extremely difficult to keep 
the ship in the buoyed chemnel* Steering into 
the sun, with a low haze over the water, en- 
hanced the difficulty of finding the buoys* 

In the circmstances, the positions given by 
the Decca navigator were invaluable* 

k* FllQtfl£e.lp an emergency 

The B,s, '•Cormorant* reported that on one 
voyage from London to Antwerp, the weather 
was so bad that the pilot boat was not at its 
station at N«F, 9 buoy* (This buoy is at the 
beginning of a route through mined waters with 
numerous wrecks scattered about). The course 
from this buoy was therefore carried out using 
the Decca Navigator in conjunction with the 
lattice chart of the Scheldt Estuary* The re- 
turn Journey was made under similar conditions, 
the Decca Navigator being of the greatest 
assistance* 

Ships’ officers also pointed out other possible occasions on which 
the Decca Navigator would be likely to be of use* Two such are, for 
observing whether a ship is dragging its anchor (the movement of an 
anchored ship as the tide turns is often observed) , and for giving 
position to rescue vessels, should a ship break down at cea* 

LaflS-14SQ.^mgfttJLg.il 

38* The Decca Navigator System as at present in service is oper- 

ating without any form of lane identification. This was also the 
position during the marine trials. Experience has shown that, contrary 
to early expectations, the System provides for the purpose of coastal 
and short sea trading an extremely usefbl navigational aid service 
without the facility of lane Identification, providing the user is aware 
of the limitation of the System and exercises certain simple precautions* 
However, it is quite certain that for the Sj^stem to be generally em- 
ployed for the purposes of marine navigation and to meet the most 
stringent operational requirements, lane identification is an ultimate 
necessity. It is, therefore, generally agreed that while the System 
can certainly be employed for an interim period without this facility, 
it is necessarj’’ to show that it is capable of solutioi in order that 
its general adoption may be considered as definite. 
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39* As a result of a comprehensive investigation of the irtiole 

problem and a careful examination of all alternative methods, the 
Decca Navigator Company have now presented their recommended system, 
the principle of which has been satisfactorily demonstrated under 
seagoing conditions using the experimental stations on the south coast 
of England* 

40, The system demonstrated provides complete resolution within 

a Decca Zone, that is within an angle which is never less than 12°, 

This is adequate for marine navigation* 

41* Subsequently as a result of scientific tests it has been de- 

cided to incorporate a vernier pointer which, operating as eui integral 
part of the lan^ identification meter, provides a fine reading which 
has an accuracy six times that of the basic Identif ication. Further 
scientific tests are being carried out to determine the maximum range 
of the lane identification system, but the tests have already shown 
that it is accurate within a distance of the same order as the night 
range of the main transmissions, l,e, 240 nautical irdles, 

42, The following briefly describes the method of lane identifi- 

cation* 

42, 1, The Lane Identification meter is shown at the top of 

Figure 7. It will te seen that it has three scales and these are en- 
graved on perspex rings individually illuminated in the colour cor- 
respondirig to the meter or pattern to which they refer, i,e. Red, Green, 
Purple. This meter operates only when identl fication signals are being 
transmitted. Only one identification takes place at a time, and the 
other two patterns are temporarily shut down while this identification 
is in progress. The time taken is sufficiently short to avoid any risk 
of "lane slipping" on the meters associated with the patterns which are 
removed. It is intended that the lane identification transmissions 
will be made at frequent intervals, and a possible time schedule is 

8:00 - Red, 8:01 - Green, 8:02 - Purple 

8:05 - Red, 8:06 - Green, 8:07 - Purple 

8:10 - Red, 8:11 - Green, 8:12 - Purple, etc, 

42, 2, Vihen an identification transmission takes place, the ap- 

propriate scale of the identification meter lights up and the main 
pointer swings to the correct position on that scale. For example, at 
8:00 the middle scale will light up and the pointer will swing to the 
position to which the units pointer on the red meter should be set. 
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42, 3» It is seen, therefore, that this identification is 

completely automatic and requires no operation on the part of the 
user except to read off the correct lane number when the meter is 
illuminated* It reduces the ambiguity of the system to that of a 
14*2 Kc/s pattern (in the case of the red pattern e reduction of 
24 to l). It assumes that the Navigator has some prior knowledge of 
his position so that he knows within which zone (zone width approx* 

12° azimuth) , he is situated* 

42* 4* It will be noted that in addition to the main pointer 

on the Lane Identification meter there are six li^t pointers* These 
six pointers are all fixed to a coimon shaft and during the identifi- 
cation transmission serve as a vernier indication. During dayli^t 
the vernier pointers may be disregarded as the agreement between the 
main and vernier pointers will be good. At ni-ght the difference be- 
tween the main and vernier pointers will increase ‘With range, and 
beyond 100 miles there will generally be a difference in indication; 
under such conditiops the correct lane reeding is that indicated by 
the fine pointer nearest the main pointer, 

42, 5* The vernier pointers, which have six times the ambiguity 

of the main identification pointer, also have six times the accuracy. 
The main pointer, is used, therefore, to remove the ambiguity of the 
fine pointers by indicating which one to read, 

43* Final engineering of the System is now In hand, and it is 

the intention of the Decca Navigator Company to introduce the System 
into general service at the end of 1947, Figure 8. shows the System 
in general schematic form, 

CaiCLUSION . 

The trials carried out show the Decca system, even without 
lane identification, to be a simple, rapid and accurate position fixing 
system within 240 nautical miles of the centre of a chain of stations, 
which will increase the safety of life at sea, and by its many applica- 
tions will justify itself econcmiically. 

The development of a method of lane identification makes 
possible the wide adoption of the Decca system in al] types of ships. 
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FIGURE I. 

MAP SHOWING THE LATTICE ZONES & SERVICE AREA 
FOR COASTAL NAVIGATION OF THE ENGLIS H CHAIN 
OF THE DECCA NAVIGATOR SYSTEM 


ZONES ARE APPROXIMATE ONLY 




FtG.2. MAP SHOWING PRINCIPAL ROUTES FOLLOWED BY SHIPS DURING DECCA NAVIGATOR TRIALS AUGUST 1946 TO JAN. 1947. 
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FIGURE 3. MAP SHOWING CHARTS OVERPRINTED WITH DECCA LATTICE AND USED DURING DECCA NAVIGATOR TRIALS AUGUST 1946 TO JANUARY 1947 
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FIG. 4 (b) 



DISTRIBUTION OF FIXES AT KINGS BUOY. 


57 NAUTICAL MILES FROM MASTER STATION. (lOGkN.) 
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FIG. 4 (c) 



DISTRIBUTION OF FIXES AT 39 BUOY, 59 NAUTICAL 
MILES FROM MASTER STATION. C 103 KM) 
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DISTRIBUTION OF FIXES AT GH 4 BUOY. 
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FIG. 4 Ce) 
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FIG. 4. (f) 



DISTRIBUTION OF FIXES AT FLUSHING PIER. 


/38 NAUTICAL MILES FROM MASTER STATION. (£56 k.M.) 
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ERROR IN NAUTICAL MILES 


FIG. 6 


GRAPH OF DECCA NAVIGATOR POSITION LINE ERROR 
WITH INCREASING DISTANCE, CLOSE TO CENTRE OF 
COVER (winter night CONDITIONS!) 



MILES 


DISTANCE IN NAUTICAL MILES 


BASED ON MEASUREMENTS MADE BY THE ADMIRALTY 
SIGNAL ESTABLISHMENT DURING THE PERIOD NOV 26^ 
— DEC. 2"-‘l945 IN AN INVESTIGATION ON THE ERRORS 
DUE TO REFLECTION FROM THE IONOSPHERE AT 
NIGHT. 
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CTO P) LftME lOENTIFICPCriON METER 
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PDIfiE KiYIQATIOM SYSTEMS 


« By - 

W. L. BARROV 

Sperry Gyroscope CMopany, Inc, 
Great Heck, New York 


ABSTRAQI 


A variety of systens for navigation based on pulsed radio 
transmission have developed during and since World War II. In this 
paper a brief review of pulse navigation systems is presented, to- 
gether with a discussion of the most significant scientific and ei>* 
gineering factors that influence the suitability of such systems for 
practical adoption. 
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POIgE NAVIGATION SYSTEMS 


Basic Ideas 

1« The basis of all so-called "pulse navigation systems" is the 

time required for a pulse of radio frequency energy to traverse a given 
distance. This principle is utilized for navigation and position find- 
ing in three general methods .t 

2, In the first method, i>hich nill be called the "circvilar" me- 
thod, a train of pulses of radio energy is radiated by a transmitter 
at the unknown position. Some of this energy is returned from a 
reflecting object or from a radar transponder at a known position, and 
the time for the round trip is measured. The distance between the 
points of transmission and reflection is in the simple case directly 
proportional to the time required for the round trip. To determine the 
tinknown position, the distances to two known reference points are mea- 
sured, and position is found as the intersection of two circles, drawn 
on a conventional chart with centers at the two points of reflection 
and with radii equal to the two respective measured distances. 

3. In the second method, which is nothing more than convention- 
al radar, the pulses are radiated in a narrow beam, by means of a di- 
rective antenna, and the unknown position relative to the reflecting 
object is determined from the bearing of the beam and the indicated 
distance. The first method may also be carried out with conventional 
radar, although it may be separately Instrumented also. 

4* The third method of determining position by radio pulses 

will be termed the "hyperbolic" method. In it, pulses are radiated 
simultaneously* from transmitters at two known ground positions and 
eire received by equljpment at the unknown position. When the unknown 
position is closer to one transmitter than to the other, the pulses 
from the nearer transmitter are of course received before those from 
the more distant one. A comparison of the two received pulse trains 
gives the time difference of arrival, which is proportional to the 
difference in distances to the two known positions. A curve may be 
drawn on the chart of the region such that every point on the curve 
is closer to the one transmitter location than to that of the other by 
the same measured amount. This curve is a line of position character- 
ized by the measured time difference. The receiver lies somewhere on 
this OTurve. A similar measurement from another pair of transmitters, 
one of which may coincide with one of the first pair, determines a 
second line of position and its intersection with the firSt fixes the 


*In actual systems, the pulse train from one station, the "slave", has 
a constant delay with respect to the pulse train from the other, or 
•master" station. 

tA fourth metho<i using two bearings, will not be discussed here. 
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geographic position of the receiver. Geometrically the lines of posi- 
tion form hyperbolic cvurves having the two known transmitter locations 
as focil. Each transmitter pair establishes a feunily of hyperbolic 
curves which may be plotted on the chart and used for navigation in a 
manner quite similar to curves of latitude and longitude. Naturally, 
positions in terms of latitude and longitude may be readily deteimdned 
from the chart also. 

5. It might appear that circular and straight radar methods 
provide a simpler procedure for the navigator, because it might seem 
that ship's own position may be plotted readily on a conventional 
chart, whereas h^erbolic methods require special charts or more 
elaborate computation. This is not the case in practice, however, for 
two reasons. Firstly, it is not an altogether simple matter accurate- 
ly to plot large distances on charts because the curvatiire of the 
earth must be taken into account. Secondly, the work of making the 
hyperbolic charts, although great, has already been done for most of 
the regions covered and once done reduces the determination of am in- 
dividual fix by a navigator to a very simple matter indeed, 

6. Of the three methods of electronic navigation, the hyperbo- 
lic method alone has the feature that the ship radiates no transmis- 
sions and operates entirely as a silent listener with only a receiver 
for equipment. Although cooperation between the ground stations is 
necessary, their radiations go out like light from light-houses to be 
used independently and without interference by all who are within 
range. This is an Important feature, for there is no practical limit 
or saturation to the seinrice that can be rendered, as in the case with 
other methods. In the circular methods, rautuad interference is gener- 
ally expected to place a limit of ten to twenty simultaneous users of 
a given system and region. 

7, It is interesting to note that, except for conventional 
radar, a minimum of three transcitting stations are always required 
to determine a position fix. In the circular systems, at least two 
land stations and one ship station are necessary. In the hyperbolic 
systems at least three land-based transmitters are required and only 
a receiver is needed aboard ship. 

8, An Important practical aspect of electronic navigation 
systems results from the fact that their reference points are terres- 
trial, and therefore observations medte no use of siderlal time infor- 
mation and are Independent of it. It is thus a simple matter in most 
systems, particularly hyperbolic ones, to preset the adjustments of 
the equipment to correspond to a desired fbture position and to use 
the indication of error as an aid to steering or to set the course in 
a predetermined manner. As the desired future position is approached, 
no matter what the speed or time of day, the observations will get 
closer and closer to those preset in the equipment, finally coincid- 
ing upon arrival at the specified position. 
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USEFUL DISTANCE 


9* Of greatest importance in any consideration of electronic 

navigational aids is the maximum distance or coverage that may be pro> 
vlded by the system under practical operating conditions. Although 
the determination of maximum distance for a particular system can only 
be foimd accurately from operating field experience in which the 
effect of field and shipboard maintenance and operation of all parts 
of the system are inherently included, general trends and approximate 
values may be obtained from a study of the individual factors. These 
factors involve well known facts and principles of wave propagation 
and electrical communication, but they are nevertheless worth some 
elaboration here as applied to pulse navigation systems* 

10* Radio energy may be transmitted from one point on the eau’th's 

surface to another, depending on the carrier frequency, the power and 
the distance, by one or more types of waves or over one or more se- 
parate paths, as follows* (1) the ■direct wave", which occurs mostly 
with microwaves and corresponds to the ray of a searchlightj (2) the 
"ground wave", which is a wave slldingly attached to the earth's sur- 
face; and (3) the "sky wave", which is a wave that is bent by the 
ionized layer or ionosphere and returned to the earth via the sky 
with one or more successive reflections between earth and ionosphere* 

11* Conventional radar operates almost exclusively by means of 

direct waves, as do certain other navigational systems, and they are 
thus limited substantially to llne-of-sight distances* This limita- 
tion is fully compatible with the application to impending-collision 
warning, inshore, coastal, lake, and river navigation, and h«u*bor 
traffic control, and it is mainly in this short distance application 
that radar per se will find use* Direct wave propagation at micro- 
wavelengths is affected b7 certain atmospheric conditions, such as 
snow, sleet, and heavy rain, the influence being greater for the very 
short wave lengths. It is, in fact possible to locate storm and hur- 
ricane centers with radar. Experience thus far has nevertheless 
shown that marine radar can see through bad weather of all kinds with 
adequate vision for short distance navigation* 

12* Ground wave transmission is employed in the Loran systems, 

which are well designed to take advantage of the reliability of this 
mode of propagation (Loran may also operate with sky waves). The 
rate at which the strength of ground waves are reduced with distance 
depends on the electromagnetic characteristics' of the earth, in our 
case sea wa-ber, lake or river water, the spreading of the energy over 
an ever-increasing volume in its outweird motion, «d the bending of 
the waves around the spherical surface of the earth. Although the 
mathematical relations between signal intensity and distance are very 
involved, the maximum distance obtainable is generally greater for 
greater wavelengths, other factors being equal* At 'the medium wa've- 
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absont or the path followed by the sky wave in its excursion through 
the Ionosphere is long enough to penult its separation from the ground 
wave on the indicator* There are a number of reflecting ionized lay- 
ers whose ability to return a wave to the earth depends on their state 
of ionization, which in turn varies with sun position, sun spots, and 
other corpuscular and radiation phenomena. The intensity of the sky 
wave generally varies with time, or fades, because the net wave re- 
ceived may be the sum of several parts each travelling different 
lengths and having different reductions in intensity, both of which 
are continually changing. Reflection also varies significantly with 
wavelength. For practical purposes at medium wavelengths, waves are 
reflected only at night, so that sky wave operation must be restric- 
ted approximately to the hours between sunset and stuirlse over the 
transmission path. During the night period ground wave transmission 
at medium wavelengths suffers a reduction in distance because of in- 
creased atmospheric noise. Since the reduction in intensity of the 
sky wave with distance is not very rapid, this mode of operation pro- 
vides the greater distance of the two and is thoroughly practical for 
navigational use* Instead of 500 to 700 miles cited in the preceding 
example, the reliable night time wave transmission distance is quoted 
as about I 4 OO miles. The arrival of one or more sky waves at the re- 
ceiver has proven to be a fortunate thing in pulse navigation systems. 
Since the energy is transmitted in short discreet bursts and the in- 
dicator spreads out the successive pulses that arrive over paths of 
different time delay, the navigator can make an observation on one of 
the several pulses, visually disregarding the others. Of course, a 
steady well-shaped pulse must be employed, and general experience has 
shown that only the first sky wave to arrive, from the so-called 
El layer, is satisfactory. Corrections must be made for the delay in 
transmission caused by the Increased path length and the ionized 
region through which the wave travels, but these corrections have 
been computed once for all and appear intrinsically in the Loran 
charts. The situation is not quite so simple at the very long wave- 
lengths, such as those used in Low Frequency Loran, where for techni- 
cal reasons the pulse length cannot be made short enough to Insure 
separation. Also, sky waves are present even in daytime, resulting 
in less variation in operation between daytime and nighttime. At 
these wavelengths ground wave operation should be adhered to for 
most consistent results; it is not believed that the question as to 
whether consistent results may be obtained when the sty wave is very 
large compared to the groiuid wave has yet been resolved, 

ACCURACY 

17. As with distance considerations, the accuracy obtainable 

under practical working conditions can finally only be obtained from 
statistical results of experience* Much experience has been had with 
some systems, less with others, hence it is worthwhile to represent 
the trends and general factors based on principles and experience. 
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18. The most fundaaental aspect of the accuracy of pulse naviga- 
tion systems goes back to the accuracy with which the velocity of pro- 
pagation is known. In hypothetical vacuum, the velocity of radio 
waves is constant and equal to that of light. For a direct wave in 
the atmosphere, it may vary, depending upon the dielectric constant of 
the region, which in turn depends on temperature, pressure, and hximl- 
dity, and on any ionised condition of clouds, droplets or other par- 
ticles. The ground wave velocity depends also on the characteristics 
of the water over which it propagates. Fortunately, the variations in 
velocity experienced in these eases are of negligible magnitude for 
all ordinary marine navigation and nay be left out of consideration.* 
The sky wave travels partly through normal atmosphere and partly 
through a more or less Intensely ionized region. Its velocity is 
quite different and variable while in the ionized region. Further- 
more, the waves of the several frequencies represented by the spectrum 
of the train of pulses may have different velocities and different 
paths, with the result that some portions of a pulse mey arrive at 
different times from others. These peculiar phenomena distort and de- 
lay the shape of the pulse received by the navigator and causes an in- 
accuracy in his reading. Although they do cause errors, careful 
operational techniques can hold them within tolerable values. 

19. Another important aspect of accuracy is that of producing 
trains of pulses of satisfactory shape and of measuring the associated 
time Intervale or differences. The length of the individual pulses 
in the train should preferably be quite short and with sharp frontal 
shape in order that the measurements made by the navigator of time 
intervals or of time differences can be accurate. There is a practi- 
cal minimum to the number of individual oscillations of carrier fre- 
quency that may be worked with however, which is usually put at about 
50 oscillations per pulse and as the carrier frequency is decreased 
the pulse duration must be made longer eind longer. Lengthening the 
pulse duration eventually leads to degredation of accuracy. Of more 
concern is the problem of radiating at the longer waves pulses with 
veiy sharp fronts. The Fourier analysis of this problem, in which 
the pulse train is resolved into its many component frequencies or 
spectrum. Indicates that the antenna and associated circuits must be 
capable of faithfully transmitting a relatively broad band of frequen- 
cies. With carrier frequencies above about 1 megacycle no unreason- 
able difficulty is encountered, but for frequencies of lower value, 

or at longer wavelengths, the design of satisfactory antennas with 
low Q is very difficult and their size and cost are large, 

20. A third factor of prime effect on accuracy is that of the 
geometrical relations involved in the system. With straight radar 
and other radial systems, where a position is determined from a dis- 


♦However, in applications requiring extreme accuracy, such as survey- 
ing, chart control, geologic^ exploration, etc., corrections must be 
made* 
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tance and a bearing taken from the ship, or from a shore point if 
land-based radar were employed, the accuracy of fix generally de- 
creases with increasing distance and with increasing wavelength. The 
accuracy experienced with present marine radars is quite good over 
the distances for which it is intended, viz. of the order of 100 
yards at the close-up distances and increasing to 2 % of distance at 
the greater values, and about 2° in bearing. Both circular and hyper- 
bolic navigation systems depend first of all on the length of the 
base line between the transmitting stations, which if adequate indi- 
vidual station coverage la present should be as great as feasible. 
Circular systems which measure two distances from which the fix is ob- 
tained can be designed to give high accuracies, perhaps higher than 
those cf any other system. As an example, the Shoran system* has 
given probable errors of distance measurement of the order of magni- 
tude of 50 feet in airplanes out to the limit of its range. It 
should be pointed out, however, that the high accuracy is in part 
the result of the very short pulse lengths that can be used at very 
short wavelengths. The reason the circular system is not well 
adapted to ordinary marine navigation is mainly that an adequate an- 
tenna and transmitter aboard ship is not too practical; also, a sat- 
uration of service limits its usefulness, 

21, In addition to base line magnitude, the accuracy of a fix 
in both circular and hyperbolic systems varies with the angle made 
by the base line and a radial line drawn between base line center 
and ship and with the length of the radial line. Accuracy is 
greatest when the two lines are at right angles, practically zero 
when they coincide. Hyperbolic systems employ three or four shore 
transmitters and the same considerations apply although with differ- 
ent details. Since one pair of stations provides only a line of 
position, the accuracy of a fix depends on the certainty with which 
two lines can be determined , and the geometrical relation of the 
shore transmitters and the ship. Proper location of shore stations 
is thus important. In experience thus far it has frequently been 
possible for the navigator to select any of several lines of posi- 
tion from different shore stations in order to use pairs of lines 
that intersect with an angle not too far from a right angle, or to 
select three or more lines simultaneously, which procedure may be 
compared to the proper choice of celestial bodies in taking star 
sights. The accuracy of both circular and hyperbolic systems be- 
comes less with increasing distance but usually the practical situ- 
ation does not require as high accuracies at the extreme distances 
as at the shorter ones. Generally, a clrculeu: system possesses a 
greater geometrical accuracy than that of the equivalent hyperbolic 
one, which may be as much as roughly 4 times as great. Experience 
with present marine Loran has indicated that errors of not more 
than about 2 miles at 500 miles can be reliably provided, 

22, Accuracy of a system also depends on the manner in which 
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the received pulse trains are measured In order to obtain distance 
or difference in distances. The receivers used in pulse navigation 
systems customarily employ a cathode-ray oscilloscope. The trace on 
the fluorescent screen is controlled by the received train of pulses 
and by an accurately timed sweep circuit synchronized with the pulse 
train, providing a detailed picture of the received pulse train. The 
several systems differ in the manner in which the pulse interval is 
measured* In radar, although a plan-position indicator with an ad- 
justable distance marker is usually employed, in principle the mea- 
svirement is made by placing a distance indicating pulse in coinci- 
dence with the reflected pulse and reading the distance from the ad- 
justing circuit calibrations. Errors occur because of finite and 
somewhat distorted shape of the reflected pulse and because of cir- 
cuit Inaccuracies. In another system, exemplified by Gee, the two 
pulses that are to be compared are placed opposite each other after 
one has been inverted. There is an inherent error in making this 
placement because of the apparent shape of the leading edge of the 
unequallzed pulses. A more accurate system is employed in Loran in 
which the two received pulses are equalized in amplitude and then 
bodily superimposed on the screen, care being made to fit the lead- 
ing edges* The theoretical improvement in this respect of Loran 
over Gee has been estimated at about 10. 

23* The time required to take readings with pu^ -yieavigation 

aids should not be greater than about 2 to 5 minute^j^yi<i„,i is only 
in the case of the fastest ships that any corrections for the 
change in shlp*s position between observations need be considered* 

COMPARISON OF PULSE MD CONTINUOUS ?/AVE NAVIGATION SYSTEfiiS . 

24. Any comparison between p'llse and continuous wave systems 

must either be extremely detailed and lengthy, or else brief and 
superficial. The latter course will be followed here. Fundamental- 
ly, it is possible to duplicate the pulse navigation systems with 
an equivalent continuous wave system, if in effect "Wave" is sub- 
stituted for "Pulse" and "Phase" for "Time Difference", with corres- 
ponding associations in the transmitting and measuring systems* The 
measurement of phase is, however, periodic, giving rise to ambigui- 
ties of a high order in all high accuracy navigation systems which 
utilize phase measurements of continuous waves* Various schemes 
have been proposed for the resolution of these ambiguities, 
usually requiring the addition of secondary systems of lower order of 
accuracy which in combination with the basic system reduce the num- 
ber of ambiguous regions. Such systems usually necessitate an ex- 
tremely complicated receiver or a complex operating procedure that 
requires considerable tine to carry out. Phase measurement systems 
me^r also eliminate or reduce the ambiguous regions, with a corres- 
ponding reduction in accuracy, by using short base line lengths of 
only one-half to several wavelengths between the two shore-based 
stations of a pair. However, the order of magnitude of error of fix 

290 



to be expected is about 25 miles or more at a distance of 500 miles 
for a half wavelength base line and no ambiguous region. The 
greater this baseline is made the higher becomes the accuracy and 
the larger is the number of ambiguous regions. When compared with 
the pulse navigation systems, these expedients appear as very 
elaborate equivalents of the elegantly simple pulse method which 
directly and with finesse solves the problem of short and long dis- 
tance navigation* 

25* In a continuous wave system, there is no means for separa- 

ting the ground and sky waves. At very high and microwave frequen- 
cies this lack presents no difficulty, since neither of these rays 
reach the receivers in any case, but at medium and low frequencies 
used for medium and long range navigation systems, the addition of 
the sky wave energy to that of the ground wave with more or less 
random phase has a disastrous effect upon the accuracy of measure- 
ment. At distances where the sky wave is about equal in intensity 
to the ground wave, the variations oiused by the sky waves are such 
as to slide the indications of phase from one region of aunbiguity 
to another, thereby completely destroying the indication* Thus the 
maximum distance of the continuous wave systems is about the same 
as the minimum distance at which sky wave operation of pulse systems 
becomes useful. 

26* A continuous wave system, in general, requires one channel 

for each transmission. A long base line hyperbolic continuous wave 
system would require at least three clear channels to provide a fix, 
while one with a short base line will require at least two channels. 
By contrast, many pvilse systems, with their visual resolution of 
pulse trains, may be operated simultaneously on the same frequency 
by the simple expedient of assigning specific pulse repetition rates 
to each transmitter or transmitter pair. The navigator is easily 
able to select the particular transmitter he wishes to observe 
without interference from the others and it is estimated that be- 
tween 10 6ind 20 such simultaneous chanel-shared transmitters are 
practical. This important feature of pulse systems makes them rel- 
atively economical of spectnim utilization compared to continuous 
wave systems* 

EQUIPMENT RELIABILITY 

27. There is no doubt but that the electronic gear required 

for pulse navigation contains many intricate and complex psa*ts, nor 
that its introduction into the conservative maritime world will be 
met by opposition from some on this score. As an aid carried aboard 
ship it will require a certain reorientation of the officer personnel 
and the institution of a small amount of additional maintenance and 
operational effort. To those familiar with the successful employment 
of this and even more complicated equipment under the most adverse 
conditions of the war, there can also be no doubt about the success 
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with which marine radar, Loran and other similar equipment ctui be as- 
similated by those who operate ships in peace. For those who are in- 
clined to think the difficulties are great, it may be recalled for 
their encouragement that some persons experienced in airplane opera- 
tion were afraid that the new radar gear introduced in a steady stream 
during the war might not be serviceable and were later surprised, and 
pleased, that it could generally be kept in operation just as easily 
as could the plane itself, 

28* It appears certain that there are a number of commercial or- 

ganizations convinced and ready to back up their conviction that peace- 
time radar marine navigational aids will be far more rugged and reli- 
able than any equipment of wartime vintage and quite up to the stan- 
dards expected in maritime service. No doubt the magnetic compass 
seemed very delicate and technical to those brave men who prior to its 
use sailed vast water areas in cockle shells; and many of us can 
recall the introduction of those fai' more complicated devices the gyro- 
compass and the radio communication equipment, which are now accepted 
aboard as firmly as is the anchor. 

29* No present or past navigational means has ever been able to 

provide position at every hour and with full accuracy. Celestial, 
lunar, and solar observations are notoriously most difficult to obtain 
in foul weather when needed most. The vicisitudes of dead reckoning 
and even radio direction finding are found in every log and in the 
records of marine insurance companies. Let us hope and trust that no 
bogey of alleged complexity will retard the availability of substan- 
tially continuous and complete navigational data from pulse systems 
in marine service, 

PRESENTLY AVAILABUC PULSE NATATION SYSTEMS 
A, Short Distance Systems 
1, Radar 


A recent development of extreme importance to marine naviga- 
tion and pilotage, has been the RADAR. As presently developed, the 
Radar sets available for murine use are so-called "Surface Search 
Radar Sets", They present, upon a cathode ray indicator, a radar pfc“ 
ture of the region about the vessel, including indications of other 
vessels, buoys, and some topographic features, 

31, Usually an adjustable distance indicating system is provided 

in the indicator, which produces a circular trace on the screen. This 
trace may be made to coincide with the spot caused by the object whose 
distance is desired, and the distance may then be read from a calibra- 
ted scale. Such a distance measuring system converts the PPI radar 
into a circular navigation system if two known points are identified 
on the screen. Accuracy of position, determined in this manner is 
correct to within 256 of the range; a precision somewhat better than 
can be obtained from range and azimuth indications. The radars for 
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marine use operate on wavelengths between 1 and 10 cm. The normal 
range from antenna heights usually available aboard ship is from 20 to 
25 miles. In certain locations so-called anomalous propagation occurs 
with surprising frequency and then the distance may be 40 or 50 miles 
and even more. Unfortunately, this atmospheric condition seldom oc- 
curs during fog and bad weather and may not occur at all in most local- 
ities, 

32, The radar is a versatile short distance device. It provides 

the most satisfactory means of warning against collision and because 
of the completeness of information makes ship movement in the presence 
of other ships not only possible but safe as well. It provides bad 
weather pilotage, and harbor and coastal navigation. It is self- 
contained in the sense that no cooperating shore stations are required. 
It provides the captain directly with the information from which he 
alone makes piloting or navigational decisions, and therefore leaves 
completely within his authority the movement of his ship. Its useful- 
ness is greatly extended by the installation of suitable reflectors 
and radar beacons in congested waters where such aids are economically 
feasible, 

2, Radar Beacons 


33, A radar beacon is a radar receiver- transmitter combination 

that may be installed at some fixed location and arranged to reply to 
a radar interrogation with a coded response. This coding positively 
identifies the transmitter, and extends the maximum distance and 
accuracy of measurements upon the beacons. Distances in excess of 50 
miles are readily achieved. Satisfactory beacon designs have been 
made, but there has been no extensive installation as yet. This is 
largely due to lack of standardization both of marine radar equipment 
and of beacons. The employment of beacons at a selected number of 
sites. Including those now occupied by lights and light ships, would 
greatly enhance the value of shlpborne radar, 

B, MEDIUM DISTANCE SYSTEt^ 

1, Shoran 

34* The Shoran system is a circular navigation system, operat- 

ing in the frequency band from 220 megacycles to 260 megacycles. It 
consists of two beacon type ground stations and a transmitter- 
receiver insMlation, The Shoran system is essentially an aircraft 
positioning system of extreme accuracy over distances of perhaps 250 
miles to an aircraft flying at 40,000 feet. At this distance it will 
give positional Information accurate to within 50 feet. If adapted 
to marine use the distance would be reduced to perhaps fifty miles 
with the same accuracy. For general marine use, Shoran could be valu- 
able as an inshore piloting aid, where its extreme accuracy would be 
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valuable, although saturation of service might be a problem. It can 
be used as a control for hydrographic, geodetic and geologic survey- 
ing, and could be employed for precisely holding the position of a 
lightship or floating beacon, ^oran equipment is completely developed 
and o®mplete equipments are available. No permanent installations are 
believed to have been made and general service is nowhere available at 
present, nor is it proposed, 

2, GEE 


35« The GEE navigating system is a hyperbolic system operating 

on direct waves in the frequency bands between 25 to 85 megacycles per 
second. It was developed as an aircraft navigation system and is said 
to provide coverage for any number of craft with an accuracy of from 
1/4 to 1/3 mile up to distances of 250 to 300 miles, depending upon 
the altitude of the craft. Again, for marine use the range would be 
restricted to line of sight from masthead, i.e. to 40 to 50 miles. 

For general marine use, (EE might be useful as an inshore and coast- 
wise piloting aid. The fact that GEE, as a hyperbolic system, cannot 
be saturated is an advantage in a congested region, GEE is a British 
development, and at present quite complete coverage of the British 
Isles is in existence. The equipment has proven to be reliable, simple 
to operate and to maintain, 

C. LONG DISTANCE SYSTEMS 


1, Loran 

36, Loran is a hyperbolic system operating in the frequency band 
of from 1,7 me, to 2,0 me. The transmission is either by ground wave, 
and/or by single reflected sky wave. The primary service distance is 
about 700 miles from the most distant station by ground waves, with a 
maximvun positional error of 5 miles at that distemce. This distance 
and accuracy is available day and night, over water. At night, the 
first reflection from the ionosphere has proved strong and stable 
enough for navigation, giving a fix wit’r an error between 5 and 10 
miles at ranges out to I 400 miles from the most distant transmitter. 

The Loran system has been subject to an intensive development program 
during the last five yeeurs. The night service eurea of Loran present- 
ly covers one quarter of the surface of the earth, 

2, If Loran 

37 , The IT Loran system is a hyperbolic system operating with a 
carrier frequency of 180 kilocycles. It is derived from the standard 
Loran system and uses the same repetition rates and pulse patterns. 

The same receivers and indicators may be used by a small radio-frequen- 
cy converter. An experimental chain «as operated for eljcut elx month* 
along the east coast of the United States. This chain has been taken 
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out of service and at the present writing another chain is operating 
in northern Canada. The low carrier frequency makes it^’ionvenient to 
make the pulses short enough to separate the ground and sky waves. 
However, it is usually feasible to recognize that portion of the pulse 
due to the start of the ground wave, so that consistent operation may 
be obtained, by careful operation. There is no commercial service 
available at the present time. It is confidently expected that the 
continued experiments on this system will demonstrate favorable charac- 
teristics. 

THE PRESENT SITUATION 

38. The present situation is full witb the opportunity for pro- 

gress. We have available now adequately proven electronic systems of 
sufficient technical capacity to solve the navigational problems of 
ship movement under substantially any condition of weather on oceans, 
along coasts, in harbors, on lakes, and on rivers. The value of such 
Improvements in ship movement lies in the added safety and in the re- 
duced costs of water transportation obtained when freedom from being 
slowed up or hove to from weather, darkness, and traffic density is 
secured, 

39» The tremendous effort represented in this technological 

advance made during war should be taken advantage of now because no 
similar effort will be pcs slble in a forseeable time and nothing short 
of it is likely to result in anything but relatively minor improve- 
ments, It will be far more proH table to establish a satisfactory 
system now and get the use and experience of it for years than to wait 
the achievement of an ideal system that may elusively escape capture 
for many long years to come. Aviation has suffered this sad plight 
and is today but little further toward the operational use of all- 
weather aids than it was ten years ago. It is sincerely hoped that 
decisions will be made at this time to adopt. Install and use in every- 
day operations a satisfactory and complete set of electronic naviga- 
tion aids. If this be not done, the blame cannot be laid on the door- 
step of technology but must be placed elsewhere, 

40, To provide a complete set of electronic navigational aids, 

two separate types of equipment appear necessary, one for ocean navi- 
gation possessing moderate accuracy, and a second for close-in naviga- 
tion or piloting in inland waters and for warning of impending colli- 
»ion. No single equipment can do both jobs now or later. Different 
combinations of available and future equipment have been proposed, but 
for the various reasons advanced in this paper and elsewhere, it seems 
clear to this author that the combination of standard Loran for ocean 
navigation and shipboard radar for close-in navigation and warning 
is the best choice, 

41* Standard Loran can now provide coverage over a very signifi- 
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cant portion of th« ocean areas and by the addition of more shore 
stations can be extended and improTed to give still greater service. 
The equipment has been thoroughly tested and is immediately avail- 
able. The shipboard equipment is relatively simple and economical. 
Ingineering-wise, there is every reason to believe that the major 
system design parameters were originally well chosen by its de- 
velopers and can be but little if any Improved. However, if later 
developments actually do offer improvements, it is most likely 
that they can be Incorporated into the system without causing ob- 
solescence of the vast quantity of navi^itlonal equipments that 
Would presTimably be in service. For example, should a very hi^ 
frequency version of Loran prove of value for more accurate in- 
shore navigation, it would bo rather easy to convert the receivers 
to operate on this system too. Similarly, should further develop- 
ment of Low Frequency Loran bring about its adoption, it is be- 
lieved that the same receivers could be simply converted, 

43. Ship based radar is perhaps not quite so well explored as 

is Loran, but it is nevertheless in a hi^ state of development. 

The main questions remaining involve the precise wave band in which 
it should operate and the degree of elaborateness with regard to 
piloting ease. Neither question, it is submitted, is of grave 
enou^ Import to Justify a protracted delay in adoption. Until a 
standardisation of some sort is effected, the establishment of 
beacon stations cannot be got underway, and beacons should be in- 
stalled and maintained as rapidly as possible to enhance the use- 
fulness of marine radar. 

43. With regard to future possibilities, it will be suffi- 
cient here to say that of course scientists and engineers can and 
undoubtedly will bring about some worthwhile new developments or 
inprovements of present equipment. Hew indicators, new systems, 
automatic reading navigation systems, automatic controlled steering, 
full automatic and accurate continuous position recording, auto- 
matic collision warning, and other easily conjured up ideas may 
tickle the technical palate now and may, some day, but not soon, be 
offered for commercial use. Let's push the worthwhile new develop- 
ments, but in the meanwhile, let's go ahead with what we've gotl 
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Figure 10- Typical Radar Equlpnent 
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JbCM SKIPBCRNE RADAR 
IROGREgS Hi TgE IJ.K. SINCE FIRST II4RAMN 


Sumnar7 

After first IMRAMN the U.K* Performance Specification was 
revised, and subsequently arrangements were completed for Type 
Testing of sets developed to meet the specification. There have 
been some technical developments of interest during the year, 
principally in connection with overall performance monotoring. The 
majority of sets fitted during the year are Type 268 and much oper- 
ational experience has been gained with this equipment. The number 
of commercial sets fitted is increasing; two firms are now in pro- 
duction with equipment which has already demonstrated its value. 
Substantial progress has been made in radar training for Merchant 
Navy Officers and facilities for maintenance at ports both in the 
U.K. and overeeas are being considerably extended. 


1 . 

The establishment of centimetric PPI Radar in widespread use 
as a Navigational aid to Merchant dilps Involves activities of many 
different kinds, and this review of progress in the U.K. since the 
first IMRAMN meeting does not attempt more than a brief description 
of some of these activities, in connection with specification and 
type Testing, Technical Developments, Operational Trials and Exper- 
ience, and Training and Maintenance. 

2, The U.K. Specification 

Innediately after the first lUlAHN Meeting the specification 
for a ship-home radar set idilch that meeting had considered (Volume 
II of I.M.R.A.M.N, Report p.98), was reviewed by representatives of 
Government Departments and the Radio Industry, and a revised specifi- 
cation was Issued, which was printed in Volume II of the I.MJi.A.M.N. 
Report, p. 104 (U.K. Baper No. 2) 
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The revised specification is divided into two sets of 
clauses, called '•Mandatory Features’* and '•Code of Practice'*. The 
mandatory clauses refer to the characteristics of an equipment and 
its performance which are essential for safety and for navigation 
in pilotage waters. It should be noted that the performance require- 
ments of the original specification have been maintained; that 
clauses have been added specifying minimum standards of quality of 
components, mechanical construction, and finish; and that the stand- 
ards of climatic and durability testing have been defined by refer- 
ence to a specification applicable to all Marine Radio Equipment. 

The Code of Practice clauses ere recommendations on de- 
sign practice, maintenance, ancillary devices, and accessories, 
based on those clauses of the original specification and its ap- 
pendix which refer to desirable but not essential requirementso 

3. Type-Testing 

The agreed procedure for type-testing of ccnmercial navi- 
gational radar sets will include climatic and durability tests and 
observations of operational performance* 

To facilitate the performance tests, and to avoid the 
necessity for trials with a variety of targets, the ’•U.K* Radar Sef* 
demonstrated in '•H.M.S. FLEETi.'OCD" during the first I*AUR.A.M*N* 
Meeting, has been set up at a shore station ty the sea near Ports- 
mouth, The range performance of this set againet various targets 
has been determined, and the amount by which it exceeds the require- 
ments of the Performance Specification is known. The range perform- 
ance of any other set will be determined by installing it at the 
same site and coopering the performance of the two sets against a 
single target ship. The **U.K. Radar Set" has been calibrated with 
various ships of the type which will be used so that allowance can 
be made for variations due to meteorological conditions or to 
variations in performance of the "U.K. Radar Set", This procedure 
will enable the range perfonnance of any commercial set to be 
reliably estimated with the minimum of expenditure on range trials 
with ships* 


In order to enable the range auxi bearing discrimination 
to be determined without using ship targets, a pattern of buoys 
carrying corner reflectors is laid in a convenient position off- 
shore* The relative positions of the buoys have been selected so 
that it is possible to determine very quickly whether the set under 
test complies with the requirements of the specification in these 
respects* 


The exact procedure for determining the ^mininiura range is 
being worked out* 
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Supplementary tests of the electrical properties of unite 
of the set will be made. 

A life test of a typical equipment from a manufacturer will 
be carried out for 250 hours, made up of at least one period of 50 
hours and shorter periods of not less than 8 hours. 

After some date in the future, when a reasonable number of 
commercial radar sets are available, only sets which conform to the 
U.K. performarce specification and have a certificate of type- 
approval will be allowed to be installed in U.K. ships. 

A. lechnlcal Develownents 

The main characteristics of navigational radar are unlikely 
to change for many years, but improvements in detail are possible, 
particularly in reducing the effects of sea-clutter, in overall 
monitoring equipment, and in chart comparison units. There is no 
progress to report in the development of the larger and brighter 
display which would be so valuable in marine radar. 

4.1. fi gdag t jlgQ gf ^ Cl utter 

During the trials with the U.K. Radar set in “H.M.S, 
FLEhTWOOD" in Norwegian waters In June 1946, it was noted 
that an improvement in the circuits for reducing the ef- 
fects of sea -clutter was desirable, and that in order to 
effect such improvement more knowledge was required of 

a. the effect of the TR switch in reducing receiver sensi- 
tivity at short ranges (50-1000 3 rards) , and 

b. the law of variation of sea-clutter power with range, 

at short ranges. 

An investigation has been carried out on a. and arrangenents are in 
hand to carry out trials on b« in the near future. When these are 
completed improved circuit arrangements can be developed to simplify 
further the operation of marine radar in narrow waters. 

An interesting development which may ultimately lead to a 
major simplification in operation procedure is that of the "logarith- 
mic receiver" (in which the output is proportional to the logarithm 
of the input). By the use of a receiver of this type the effects of 
sea-clutter, and also of clutter due to rainstorms, can be minimised, 
and ships and other targets displayed without use of the gain control, 
whereas, with a ccnventional receiver, skilful use of this control 
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would be necf'Sflry. The application of thip technique to recelvere 
of wide bend-width, such as are used in navigational radar sets, 
depends on the development of special components, and sane years may 
elapse before this is complete* 

The problem of developing satisfactory and reliable overali 
monitoring equipment is one of particular Importance, where there ie 
wide scope of ingemiity. The apparatus developed for use with the 
U.K. Radar Set is more complex than is desirable, and an alternative 
system has beer, developed* Thi s comprises a simple echo-box of low 
ring- time; a portion of the signal returned by this is strobed and 
integrated for meter indict ion and relay operation if desired, A 
difficulty is to '‘nsure a standard reference level of noise at the 
selected range where the strobe operates, since this is at a point 
where wide variations due to sea-clutter normally occur. Simple 
methods of ensuring thJ.s standard level are being investigated. The 
system has the advantage over the previous system, not only of simplic- 
ity, but also of giving a true overall check of the set including the 
TF. switch which is not checked hy the present system* 

The most notable comr erclal development in this field is an 
improved "delayed-pulse oscillator'’ system. In this system the trans- 
mitted pulse is received hy a simple euperheterodj'nc receiver, and the 
Intermediate Frequency signal is converted to a supersonic pilse and 
applied to a supersonic delay line, where it undergoes multiple re- 
flections, The reflected signals are re-converted in the frequency 
changer to the radar frequency, and received by the radar r*“ceivfr, 
which displays a train of pulses capable of being used to measure the 
efficiency of the radar set, A difficulty when using a standard crystal 
mixer is that the attentiation required between radar transmitter and 
monitor (to prevent crystal burn-out by the transmitter pulses and to 
reduce the imput to a value which gives linear frequency changing) is 
so great that the power of the reflected signals (after passing through 
the attenuator on the return path) is too low. The improvement in 
technique consists in using the local oscillator as an "autodyne" mixer 
for the transmitter pulses, and using a crystai mixer with the same 
local oscillator to re-convert the delayed pulses of IF back to the 
radar frequency* This enables a much larger input from the transmitter 
to be used, with consequent improvement in the power of the reflected 
pulses received by the radar set. When this development is satisfactorily 
completed, it will form an elegant solution to the overall monitoring 
problem* It is, of course, open to the objection that the monitoring 
equipment includes a 3 cm* local oscillator valve which is one of the 
components of the radar set of comparatively short life, for which an 
improved design is very desirable* 
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4.3 Chart Coimjarlson Units 

Interesting r/ork Is proceeding on two optical systems for 
chart conparlson. In one system, the radar display screen Is viewed 
directly through a large lens which gives a slight magnification 
(1*5« !)• An image of the chart Is superimposed by means of a lens 
and mirror system. The observer views the picture with his head in 
the normal erect position, and there is no restriction o‘n head move- 
ment within moderate limits; another advantage is that the cheu’t can 
be illuminated normally and used dij'ectly, and the brightness of the 
image which is compared with the radar screen cam be adjusted hy means 
of a filter in the optical system. In this system the magnification of 
the radar picture is limited to about 1,5$ 1 because of the accommodation 
properties of the human eye. 

The specified resolution of the radar display is such that an 
optical magnification of 2,5» 1 could be profitably used, to allot/ 
direct comparison with large scale charts without undue restriction of 
the radar field of view. An optical system is being developed, which 
will give any desired magnification of the radar pictiore for direct 
chart comparison. The chief disadvantage of this system from the 
operator’s point of view is that it Involves monocular viewing with a 
fixed head position, and it remains to be seen whether the advantage of 
a substantial magnification of the display outweighs this disadvantage. 

5» Produ ction smd Operation al Experience 

A number of manufacturers have designed marine radar sets to 
meet the U.K. specification. As this specification prescribes only the 
performance of the set there is considerable scope for individualism in 
le 3 '’out, meclianlcal design and in circuit and constructional details. 

The general practice has been to coistruct a small number of prototype 
sets and to fit these to ships to give operational experience prior to 
full-scale production. The first British coimercial radar sets were in- 
stalled in ships in the sximmer of 1946 and the number of ships ecpiipped 
has steadily increased. Some manufacturers are now in full production. 

As the U.K, reported at first IMRAMN naval radar sets, type 
268, are being hired to merchant ships until coninercial sets are gener- 
ally available. These sets fall below the performance required by the 
U.K. specification and will later be withdrawn, but they have been of 
considerable service operationally to merchant ships. The type 268 and 
the commercial sets have made Navigating, Radio and Engineering Officers 
familiar with the operation and technicalities of radar, and have pro- 
vided very val’jable operational experience for ships’ officers, ship- 
owners, and designers. 
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Sone details of the ships fitted and of the reports re- 
ceived from them of experience in all parts of the world are given 
separately in another paper (U*K. paper No. 11) and these shew the 
value of 3 cm, radar as a navigational and anti -collision instrument. 
Very few of the reports refer to any adverse effect of rain - clutter 
and none shew it to be serious; some reports refer to the ability to 
detect other ships and to recognise landmarks in rain clutter by use 
of the gain-control. No reports have been received of "black-outs" 
due to rain storms. 

All the experience of the U.K, confirms the advantages of a 
wavelength of 3 cm, for marine radar. Reflections of side-lobes from 
large rock faces and multiple reflections between rock faces are diewn 
to be negligible in a report of trials in the Norwegian Fjords (U.K, 
paper No. 12), 

6. Miscellaneous 

The U.K, has given fuirther consideration to the use of passive 
and active radar responders and has considered in some detail the design 
of charts for use with radar* The facilities for maintenance ashore of 
marine radar equipment have been extended, and arrangements have been 
made for training merchant navy officers in radar operation and mainten- 
ance, Details of these advances are given in separate papers, 

i,e. Passive responders - U.K, Paper No, 7 

Radar charts - "8 

Radar maintenance - "9 

Reuiar training - "10 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON. CONN • • ■ APRIL 28 MAY 9. 1947 


STANDARD LORAN IN THE MERCHANT MARINE 

-Dy- 

Ccanmodore H. Nanning, USUS 
Master, S. S. AMERICA 


ABSTRACT 


In this paper the speaker discusses some of the practical 
factors affecting successful use of Loran as an aid to Navigation. 
He particularly stresses the need for additional Loran coverage 
in the approaches to the British Isles and emphasizes the io^or- 
tance of training in the use of this as well as all other elec- 
tronic aids. 
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STANDARD LORAN IN THE MERCHANT MARINE 


1?hen a Loran receiver was first installed aboard my vessel 
last September, I must confess that I viewed it with some sus- 
picion. Now, after having used it extensively, I feel that I 
would not want to be without it. 

As many of you know, the past winter has been particularly 
severe in the North Atlantic. On several occasions, celestial 
observations have been impossible for 3 2uid U days running, and 
on one voyage I was able to obtain but one celestial fix during 
the entire passage from New York to Cobh, During these <royages 
the ship had to be navigated by dead reckoning, established and 
aided by Loran. The system has proved its value to me as an aid 
to ocean navigation by helping to keep the ship on her course 
line, thereby saving distance and time. By this I do not mean 
that the Loran system is a cure-all for ocean navigation. Rather, 
it should be used as an aid to navigation, in conjunction with 
other available means at one's command. 

On normal trade routes between the East Coast of the United 
States and the British Isles and northern Franca, there are some 
areas in which the existing Loran coverage is inadequate. I 
believe that, if it were possible to increase the power of the 
present transmitting stations and to establish an additional sta- 
tion at the approach to the British Isles, adequate coverage of 
the entire trade routes between such areas could be obtained. If 
another station were to be added, working in conjunction with an 
existing station to form a new station pair, the orientation 
should bo of such fashion that the new center-line is parallel or 
nearly parallel with the circles of latitude. The new, proposed 
rate used in conjunction with present rate 1L5 would afford a 
good approach to the land until the vessel is within radio direc- 
tion finder range. 

The accuracy of this system depends on the relative location 
of the vessel with respect to the transmitting stations and on the 
skill of the operator. If the vessel is near a base-line exten- 
sion, a large error will result in the readings. Also, the far- 
ther away the vessel is from the transmitting stations, the poorer 
will be the line of position d\ie to the divergence of the lines. 

In the latter case, the magnitude of the error is in the order of 
2 or 3 miles. The human error is probably the largest error in 
the system. Unless it is known that one is definitely inside or 
outside of the ground wave coverage area,, care should be taken to 
identify the type of signal one is dealing with. In most cases. 
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if a ground wavs and a sky wave are unlntentl<mal2y matched and a 
reading Is taken> the position line will be sufficiently in dis- 
agreement elth the dead reckoning position that the matching error 
will be readily apparent. There is always a possibility in certain 
areas that the error in mismatching sky waves may be so small that 
the error will not be detected, and when used in conjunction with 
another line of position irtiere the crossing angle is small, the 
resulting fix may be several miles in error. 

On three occasions, the second-hop "£" sky wave has been used 
with good results when outside of the first-hop "E" sky-wave range. 
Naturally, these lines were used with great caution and then, only 
as an Indication rather than as anything definite. The rate was 
llU in about 5l North, 16 West. Each time, the results from these 
readings turned out satisfactorily when checked back. 

I have found that the accuracy of the system in practice aver- 
ages from 2 to 3 miles, depending upon the relative angle of the 
ship with respect to the Loi«n transmitting stations, the distance, 
and the electrical noise or static conditions. Heavy static is 
the cause of a great deal of time spent in getting a good average 
reading for a position when the sky waves are weak. 

On my last v(^age, upon approaching Nantucket Light Vessel 
from the east, Loran fixes were obtained, using rates ILL and ILO. 
In this area the positions should be very accurate because the 20 
microsecond divisions on the charts are very close together, the 
lines run at nearly right angles to each other, and the area is 
covered by strong ground waves. The results checked with radio 
direction finder and Radar when within their respective ranges and 
showed the Loran position to be within a mile of the actual ship's 
position. In the absence of good celestial observations, this is 
considered to be quite excellent. 

A very practical precaution, which should alwrays be observed, 
is to turn on the Loraa receiver for about $ minutes prior to tak- 
ing a reading. This is necessary to allow the equipment to warm 
up sufficiently to prevent creeping. 

It wriU be interesting to follow developments in the matter 
of Loran charts to see which type will eventually be adopted. 

When separate Loran charts are used, the position thus obtained 
must be transferred to the regular navigational chart. About 6 
months ago, the U. S. Coast and Geodetic Survey introduced a sys- 
tem in which Loran lines of position were printed csi the reverse 
side of a coastal chart. Ihls system eliminates transferring 
from one chart to another hy simply pricking a small hole on the 
Loran curves and turning the chart over for the position. How- 
ever, if a ship steamed the same track over and over again, such 
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treatment wovild require the use of new charts for each voyage In 
order to eliminate confusion from the previous vpyage In picking 
out the right prick point. If Loran lines were superimposed on 
the face of small scale coastal chairts, the latter would have to 
suffer in navigational detail. Each one of these systems has its 
advantages and disadvantages, but possibly the surest ^stem is the 
original two-chart system. 

In conclusion, let me point out two factors that are unques- 
tionably the important factors to safety and to success with Loran. 
The first is the need for proper and adequate Loran transmitting 
stations. I have found a need for more stations, when approaching 
the British and Irish coasts. It is there that the importance of 
a fix is emphasized and I have often lamented the weak coverage of 
Loran in those localities. I plead that the axe of economy may 
not eliminate the stations already established. Boldly I seek to 
economize on other matters — not on Loran or any other navigational 
aids'. So much more is demanded of ships in the present day than 
heretofore that all aids should be developed, not retarded. The 
second factor is the personnel problem. It is absolutely essential 
that the operator of Loran be a trained person. Without training 
in the operation of this and other instruments, the operator 
becomes a menace, not an aid, to navigation. All deck officers 
should be compelled to take a course of insti*uction such as that 
offered by the U. S. Maritime Institute at New York, a few days 
will suffice j of course, the more thorough the instruction, the 
better. Personally, I would make this mandatory, with an adequate 
endorsement on the officer's certificate. Ihis philosophy of 
trained personnel has been neglected. The complexity of new ships 
in construction and electronic instruments makes it imperative. 
Without trained personnel it is useless to develop these instru- 
ments, as in the last analysis the safety of the ship depends on 
the personnel. 


H. MANNING 
Commodore, USMS 
Master, S. S. AMERICA 
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PRACTICAL PRCGRESS IN LORAN FOR IIARINE NAVIGATION 


-By- 

UWRENCE M. HARDING 
CAPTAIN, US CG 
U. S. C. G. HQ. 


ABSTRACT 


This report briefly summarizes some of the practical 
experience had in providing Loran service and in actual 
operational use of Loran by merchant ships and civil aircraft 
in the ten or eleven months elapsed since the London May 1946 
IMRAMN meeting, especially in the following particulars: 

(a) Report of simple methods used to alleviate or 
eliminate interference to other radio services in or adjacent 
to Loran frequency channels and summary of technical charac- 
teristics of new and improved postwar Loran ground station 
equipment. 

(b) Estimates of costs of operation of a new postwar 
Loran station in terms of men, money and frequency band. 

(c) New operational experience in using Loran on small 
craft, experience in use of Loran for medium distance navigation 
and some information on use of Loran by ocean air lines. 
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PRACTICAL PROGRESS IN LORAN FOR MARINE NAVIGATION 


Introduction 

1* Last year at the London I?JRAMN the n. $• delegation described 

the wartime experience with Loran and discussed the potential use of 
Loran for merchant shipping navigation. At that time the U. S. del- 
egation suggested that whether or not the merchant mariner needs such 
service would be determined pretty largely by economic considerations 
affecting the sailing time and operating costs of the particular ship. 

2. At this new meeting you are hearing some further U. S. views 
from (1) an experienced large- ship officer who has had use of Loran in 
the past year; (2) a spokesman for the small craft navigator, and (3) 
a spokesman for a U. S. shipowners' federation. 

3. At the London lURAMN some questions were asked by delegates 
about reports of interference by Loran stations to adjacent services, 
notably small fishing boat communications in the Eastern Atlantic. 

Other delegates asked some questions about the number of men required 
to operate a Loran station for peacetime use. Another delegate asked 
why merchant ship radar supplemented by a system such as Loran could 
not serve as a complete system of electronic navigation. As a result 
of those questions wo have endeavored to obtain some practical oper- 
ational experience in these throe phases during the past year and 
present herewith some brief suminarles of these experiences for the 
information and use of other delegates to this meeting. 

REPORT OF SIMPLE liETHODS USED TO ALLEVIATE INTERFERENCE TO 
OTHER RADIO SERVICES IN OR ADJACENT TO LORAN FREQUENCY CHANNELS 

4. In connection with some reports received at the London IMRAl^N 
meeting concerning interference caused by Loren signals to other radio 
services operating on adjacent channels, efforts were made to obtain 
definite data pertaining thereto such as frequencies involved, time 

and location of specific instances. In the year idiloh has since elapsed, 
only two definite oases of such interference have been found in the 
Western Hemisphere. One concerned interference on frequencies between 
1560 and 2350 KC which are used by the Icelandic fishing fleet in the 
waters adjacent to the Loran transmitting station at Vik. The other 
report came from a commercial marine radiotelephone station at 
Charleston, S. C., U. S. A., which uses a working frequency of 2174 KC. 
The following descriptions of the methods used in eliminating the 
interfering signals demonstrate the relative ease with which suppression 
of cmy interfering pulsed navigational signals can be effected by the 
use of simple pulse limiters or filters. This is one feature of pulsed 
systems which has not heretofore been fully discussed at these meetings. 

5. Upon receipt of a report from Iceland which stated that inter- 
ference from a Loran transmitter was being encountered in the Iceland 
area, PICAO assigned a radio engineer to conduct an investigation in 
that area. The following is a brief summary. The Icelandic fishing 
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fleet, which at present oompriaes some 600 Teasels, was authorised 
by the Cairo Conyention to use the frequencies between 1560 and 2350 
KC for 8hip«*to-6hore and 8hip-to-*8hip radiotelephone communications* 
Since the great majority of the boats are small and manned by non- 
technical personnel insofar as radio equipment is concerned, the 
radio equipment must be small and simple of operation* The trans- 
mitters are usually crystal-controlled, with provision for operation 
on any one of three frequencies by the operation of a single control* 
The calling and distress frequency, 1650 KC^ is used by all vessels; 
the other two may be any frequencies in the authorized band. The 
nominal power output varies from 6 to 10 watts in the small boats to 
approximately 26 watts for the large, off-shore trawlers. For 
reception the vessels use a 6-tube superheterodyne receiver, designed 
and constructed by the Iceland Dept, of Posts and Telegraphs* The 
characteristics of this receiver were found to be very good* The 
sensitivity is on the order of 2 microvolts per meter for a standard 
output of 60 milliwatts, with a selectivity of approximately plus or 
minus 3 KC at 6 db down* The relatively low output of the trans- 
mitters and the difficulty of providing an efficient antenna aboard 
such small boats are offset by the high receiver sensitivity. This 
is normally a good engineering compromise* In the case at hand, 
however, the higher-order side bands from the Iceland Loran trans- 
mitter (operating on a frequency of 1950 KC with a peak carrier 
power of 100 KW) were of sufficient intensity to override the 
comparatively weak signals from the ship transmitters, practically 
precluding radiotelephone operation on frequencies within plus or 
minus 60 KC of the transmitter carrier frequency, at distances up 
to 76 miles from the transmitter* 

6* Another factor discovered by the PICAO engineer was that the 

"Tee” type transmitting antenna of the Loran station has been short- 
ened on several previous occasions as a result of storm damage to 
supporting structures, and the antenna tuning unit range was inadequate 
to compensate for the change in reactance. This resulted in an incor- 
rectly terminated transmission line, which in turn resulted in a badly 
distorted pulse and an unsymmetrical distribution of side bands* Sub- 
sequent tests, and the use of a filter across the transmission line of 
the Loran station as a temporary measure disclosed that incorrect 
station operation was responsible for a large part of the interference 
reported* 

7* The PICAO engineer, with the full cooperation of officials and 

technicians of the Iceland Dept* of Posts and Telegraphs, conducted 
tests in the Department's laboratoiry and in a specially equipped ship* 
The results of the tests indicated that while transmitting filters 
were both effective and practical immediate suppression could be most 
easily accomplished by the use of a pulse-limiting circuit in the re- 
ceivers* Laboratory experiments were then made to determine the cir- 
cuit and constants best suited for Loran suppression* A limiting cir- 
cuit was developed and installed in a standard Posts and Telegraph re- 
ceiver for tests in the immediate vicinity of the transmitting station* 
A detailed prasentation of the application of limiting circuits in com- 
munications receivers is beyond the scope of this discussion* It is 
believed sufficient to say here that all limiters are essentially 
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restrictive devices designed to reduce, or limit, the output of a 
stage to a certain predetermined level. The Loran pulse, being of 
very short duration must have a large amplitude to contain any 
appreciable power and by taking advantage of this fact (which is an 
exclusive feature of pulsed-type signals), the design of a suppression 
ciruit became a oomparetively simple problem. The inclusion of a 
limiter circuit in the second detector of the receiver prevents the 
application of a strong pulse to the audio and reproducing sections 
of the equipment. The distortion introduced is negligible in the 
reproduction of speech. In later teste, it was found that a simple 
shunt limiter, utilizing a type 1N34 crystal diode gave very satis- 
factory suppression in the immediate vicinity of the Loran transmitter 
(better than 15 db reduction in the amplitude of the instantaneous 
Loren pulses). This limiter is simple to install and the cost is very 
small (about 2 or 3 dollars). A series tj^pe limiter built around 6H6 
diode had even better characteristics giving better than 25 db reduc- 
tion. However this letter type involves a more extensive and somewhat 
costlier modification and is considered hardly worthwhile for general 
use on small craft but it would be ideal for use at shore stations or 
any installation Tihere extreme attenuation is necessary. It is 
important to note here that the use of a simple and inexpensive limiter 
in radio receivers has obvious advantages other than to simply remove 
Loran interference since it is a very effective means of reducing many 
forme of electrical and atmospheric interference, whether man made or 
natural interference. 

8. One Americeui Telephone and Telegraph Co. Coastal Harbor radio- 

telegraph Installation at Charleston, S. C., U.S.A., reported interfer- 
ence from the Loran transmitting station at Folly Island, S. C., approx- 
imately 5 miles distant. Upon investigation by a U. S. Coast Guard 
engineer it vras determined that the interference was due to minor side- 
band radiation on 2174 KC, 224 KC above the Loran carrier frequency. 

This is a rather unusual case since the receiver was operated at very 
high sensitivity in a standby condition and therefore was responsive to 
interfering signals of very small magnitude. Possible alternative 
meana of attack in this case were electronic blanking switching at the 
receiver, wave traps at the receiver, directional antenna at the 
receiver, limiter at the receiver, and filters at the transmitter. In 
this particular case it was expedient to use corrective means at the 
trensmitter since the interference involved only a single frequency. 

A satisfactory solution was attained in the development of a high-Q 
side-band filter which was installed in the transmission line of the 
transmitting equipment and tuned to the interfering frequency, 2174 KC. 
With this filter installed, measurements showed the attenuation of the 
interfering side bands to be on the order of 20 db, a degree of sup- 
pression sufficient to reduce the interfering side bends to the ambient 
noise level of the area concerned. These methods of eliminating inter- 
ference, although relatively simple, are expedients necessary only on 
some present Loran stations. The characteristics of the new stations 
preclude the need for expedients at transmitting stations. 
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TECHNICAL CHARACTERISTICS OF THE NEW 
POSTWAR LORAN GBOUI0 STATION EQUIPMENT 


9* New Loran ground station transmitting equipment is now under 

construction for installation in the near future* It provides consid- 
eratly higher power, narrower bandwidths and increased radio frequency 
stability* Standard Loran now occupies a nominal 0*1 megacycle band- 
width but the new equipment is expected to reduce this bandwidth by 
about one-third with little or no detrimental effect on system accuracy 
or any change in the basic system except for considerably increased 
Loran service radius, iit^roved signal to noise ratio, and a reduction 
in interference to and from other services, all accruing from the re- 
duced bandwidth* The reduction in interference is illustrated by the 
following brief table* 



Utility 

Spectrum 


Interference 

Spectrum 


3 db 
down 

6 db 
down 

20 db 
down 

40 db 
down 

Present Loran Stations 

20 KC 

36 KC 

115 KC 

275 KC 

New Loran Stations 

18 KC 

37 KC 

75 KC 

110 KC 


This table shows the reduction effected in the interfering outer side 
bands with little or no effect on that part of the bandwidth vAiioh pro- 
vides the inherent accuracy of the Loran system through steep pulse 
fronts and clear separation of ground and sky waves* Through use of 
higher power the present nominal daytime average service radius of 750 
nautical miles will possibly be extended to around 1000 miles but the 
most distant night service would probably remain at the present nominal 
1400 mile radius* There are even remote possibilities, through ad- 
vanced receiver-indicator design, of extending the daytime service to as 
much as 1200 miles* These seem to bo the immediate approximate long 
distance limits of exploitation of the Standard Loran system without ex- 
tended research* 

OPERATING COST IN PERSONNEL, MONEY AND FISQUENCY 

10* Loran transmitting stations in wartime were often operated with 
a personnel complement consisting of nine to thirteen technical people 
plus supporting members such as cooks, base maintenance men, etc* This 
comparatively large complement was typical of that required by any newly 
developed system operated under wartime conditions* Since the conclusion 
of the war the further perfection of automatic equipment accompanied by 
studies and tests as to how these may be safely utilised with a minimum 
of operating people has resulted in the plan to employ only four tech- 
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nioians to operate each new station or old station as it becomes 
completely modernieed* The number of supporting people will be 
correspondingly reduced so that it is expected that the total 
staff will be similar to that used at an ordinary lighthouse) 
radiobeacon and fog signal station. Where a Loran station can 
bo installed at an existing activity such as, for example, a 
lighthouse, the extjra personnel required will bo very small. 

11. Similar treatment of Loran monitor stations is expected 
to result in the assignment of not more than one or two tech- 
nicians and where the station may be combined with another 
activity such as a lighthouse it may be unnecessary to supply 
any additional personnel for Loran purposes. Monitor stations 
are normally located so that they may serve two or more Loran 
rates. The new equipment will not be constantly supervised 
since it is fully automatic but it is equipped with alarm devices 
and will be attended. 

12. In comparison with older types of radio aids to navi- 
gation the cost of Loran service operation may at first appear 
to be high. However, when the factors of range and accuracy 
are considered Loran appears to be economical. For example, 

a comparison with radiobeacon installations follows in the 
table below. The number of stations of each type is that 
required for a navigational line of position along a coastal 
area. 


System 

Sq. Miles 
Day Area 

Sq. Miles 
Night Area 

Accuracy 

Day 

Accuracy 

Night 

Class A 
Radio- 
beacon 
(1 sta. ) 

62,500 

62,500 

2.0° 
at 200 
miles 

2.0° 
at 200 
miles 

Loran 

100 KW 
(2 sta.) 

644,000 

2,274,000 

0.2° 
at 800 
miles 

0.3° 
at 1500 
miles 


In terms of maintenance cost, one new Loran station costs 
roughly about the same as one Class A radiobeacon station for 
power supply and salaries. The cost of electronic supplies 
is about 10 to 15 times greater for a Loran station but this 
is usually a small part of the total operating cost. 

13* The physical space requirements for Loran are relat- 

ively small. The entire lot of equipment requires flooreige 
of approximately 900 to 1200 square feet. At the frequency 
of 2 megacycles the antenna dimensions are extremely practical. 
The U. S. Coast Guard stwdard Loran antenna consists of a 
120-foot steel tower, although for a few contemplated higher 
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power stations a relatiyely inexpensive 300-foot tower will be 
erected* As contrasted to certain other types of navigational 
aids employing directional antenna arrays requiring considerable 
ground space, ranging up to several miles, each Loran station 
requires space for only one transmitting antenna plus a simple 
single receiving cmtenna* 

14. The maintenance charges on Loran equipment are similar to 
other radio stations of comparable size and average power. There 
are required only the usual replacements of tubes, capacitors, 
resistors and transformers typical of eleotronio equipment. The 
high power and resultant long irange of a Loran station is achieved 
by the pulse method, producing an effective radiated power one 
thousand times that of a communication or radiobeaoon transmitter 
having equivalent power consumption. 

15. Although the width of a single Loran channel may at first 
introduction appear quite large a brief investigation of the 
method by which the channel is used immediately disoloses features 
of real frequency eoonomy. The different Loran pairs of stations 
are identified by being made to pulse at a slightly different 
number of pulses per second, an operation which is entirely dis- 
associated from the radio frequency channel upon which the stations 
transmit* It has been found practical to transmit as many as 16 
different pulse rates supetd.mposed in any one world area upon a 
single radio channel in spite of the fact that each rate occupies 
the entire channel. Thus, if the useful width of a Loran channel 
is 40 kilocycles it can be considered that this is equivalent to a 
group of 16 single frequency stations each separated by 2^ kilo- 
cycles* Future planning has caused the incorporation into new 
equipment of 8 additional pulse rates* TVhen Judiciously employed 
in a system of geographical separation designed to avoid a nuisance 
condition which might be brought about by having too many signals 
of comparable magnitude at any one world location the future Loran 
systems will make possible the operation of 24 pulse rates on one 
radio channel or the equivalent of 1.67 ko separation of single 
frequency type radio facilities in any one area of the world. 

LORAN FOR SMALL CRAFT AND FOR liffiDIlJM DISTANCE NAVIGATION 

16. At the conclusion of the war Loran was released for use by 
merchant ships primarily with the view that it would bo used at long 
distances, to supplement the use of radiobeaoon and shipboard direc- 
tion finders. Somewhat surprisingly Loran equipment has been pur- 
chased and installed on small fishing ships of the trawler class 
which are only about 100 feet long. It is reported that shortly 
after Installation it has been found that a typical trawler can save 
considerable time and money in locating the desired fishing ground 
or bank by use of Loran. A 3-line fix in less than 5 minutes is 
coinnon practice* Loran is also used to determine the position when 
the net is set out and again when the net is hauled back about an 
hour or two later, to give the distance traveled and to keep on the 
best fishing ground. Loran on fishermen has been useful in 
avoiding damage to nets and other equipment. These 
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results have bean obtained in the North Atlantic but as a result of 
this experlenoe the trials hare spread to the Paoifio fishing fleets. 
Most of these fishing ship installations use the simple direot- 
reading type of Loran indicator which requires very little training. 

One fishing trawler captain sums up his operational trial experlenoe 
by saying that Loran is the best thing invented since the depth finder. 
Since the cost of Loran equipment is not greatly different from that 
of a good quality radio direction finder and since it is not in any way 
dependent on the accuracy of the ship’s compass or on calibration with 
respect to the entire ship structure, both of which are considerable 
economic factors in the use of the shipboard radio direction finders, 
it now appears that the small fishing boat or yachtsman may find 
considerable overall saving in time and money by using Loran. 

17. At the London IMRAMN some questions were asked about the use 
of Loran for medium distance navigation and at that time the U. S. 
delegation did not suggest Lorcm as a substitute for the widely used 
radiobeacon system. During the ensuing months a considerable number 
of new postwar radars have been installed on merchant ships and con- 
siderable additional experience has been had with Loran for peacetime 
navigation purposes. In very general summary it has been found that 
the now merchant ship radars are observing large sea buoys at 6 or 8 
miles and can use powered radar beacons at 10 or 15 miles quite 
readily. On the other hand Loran has been used for coastal navigation 
at much closer inshore distances than was expected. This has raised 
the interesting conjecture that possibly radar, with some elementary 
radar beacons and supplemented by Loran, could provide a complete 
system for marine navigators. An illustration of Loran for medium 
distance navigation will be provided to you out of New London next 
week adiere Loran charts with 2 microsecond chart lines will be furnished 
for your own use and trial. The survey party idiich made the trials 

out of New London preparatory to the forthcoming demonstration com- 
mented that ’’Loran has not been properly exploited as a pilot aid". 

You will be able to fom your own opinion of the use of Loran, Radar 
and Radar-aids as a complete system during forthcoming demonstrations. 

18. You may wonder why Loran service is Just recently being oper- 
ationally tried for medium distance navigation. The chief reasons are 
(a) the use of automatic synchronization at the ground stations which 
seems to provide service good to about 1 microsecond accuracy as 
against 2 microseconds for manual synchronization and (b) the develop- 
ment of ground station system engineering techniques which permit a 
systematic removal of several small system errors which existed in 
some of the original wartime installations and resulted in disagree- 
ments between charts and actual service of 3 or 4 microseconds in cer- 
tain sectors of some Loran service areas. Standard procedures for these 
techniques have now been put into general practice and thereby permit 
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IMPROVEMENTS IN LORAN EQUIPIiJ!3JT FOR SHIPBORNE USE 


- By - 


P. V. COLMAR 
COMI5ANDER, USCG 
U. S. COAST GUARD ACADEMT 


ABSTRACT 


Several Loraa equipments for shipbome and airborne use 
were described at the International Meeting on Radio Aids to 
Marine Navigation in London in 1946. Improvements made, since 
that time, consist of, (a) modifications to the equipments pre- 
viously described, (b) the development «md production of a new 
receiver indicator and, (c) developments successfully past the 
laboratory stage but not yet in production. 

These improvements are briefly discussed. A view of 
future development to make use of possible extension of the 
Standard Loran System is presented. 


TS-tOiXCI- -J8 
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IMPROrnSNIS ^ LORAN EQUIPMENT FOR SHIPBORNE USE 


Introductory 

1. The Loran equipments for shipborne use described at the 
International Meeting on Radio Aids to Marine Navigation in 1946 
were the DAS- 3, the AN/APN-4 and the AN/APN-9.^ The DAS- 3 was 
especially designed for shipborne use. The latter two equipments 
were designed for airborne use but, of course, could be employed 
on board ships with the addition of suitable power supply conver- 
sion apparatus, 

2. This paper proposes to discuss, (a) the improvements, in 
the nature of modifications, made to the above equipment, (b) 
completely new equipment being produced and, (c) developments 
successfully past the laboratojry stage and ■«diich have material- 
ized as working models. A brief discussion of what now appears 
to be the trend of future improvements is also presented. 

The Function of Shipborne Loran Equipment 

3. The function of the equipment installed on board ship is 
simply the raeasxirement of the difference in time of arrival of 
pulses from a pair, or a number of pairs, of time-synchronized 
Loran transmitters. The Loran System remains the same as that 
described at the last meeting.^ Therefore no additional or dif- 
ferent tasks are required of the shipborne sets. 

4. The DAS-3 performs its functions satisfactorily. How- 
ever, certain improvements were suggested by operating personnel 
in order to simplify the operating procedure used to obtain a 
Loran reading. The arrangement of controls and some of the panel 
markings were found to be not entirely desirable. The AN/aPN- 4 
was originally designed for airborne use as was the AN/aI%- 9, 
Consequently effort was made to reduce size and weight. The 
panel controls were simple, both in arrangement and number, com- 
pared with early shipborne units. 


1. International Meeting on Radio Aids to Marine Navigation, 

May 1946, Volxjme II Radio Navigation, Radar and Position Fix- 
ing Systems for use in Marine Navigation; London; His Majesty’s 
Stationery Office 1946; p. 43. 

2. Ibid; pp 41-45 
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IMFROVmflENTS ^ LORM EQUIPMENT FOR SHIPBORNE USE 


5. The display on the cathode ray tube of the AN/APN-9 is 
different than that on either of the other two equipments and Yd.ll 
be discussed later. All three, however, are similar in that the 
two signal pulse envelopes are matched or superimposed by the in- 
troduction of delay in the circuit producing one of the traces. 

The laeasurement of the delay introduced, equal to the difference 
in the times of arrival of the two signals, is accomplished by 
counting one or more sets of calibration markers. This latter 
procedure has been cited as a disadvantage of pulse systems,^ 
although it is actually only a characteristic of these equipments. 

Modifications Made to Above Equipments 

6. Only minor modifications have been made to the DAS series. 
These consist mainly of the addition of a control for alloYring the 
reception of eight more specific pulse repetition rates (Basic S) 
and another to allow more accurate reading of the time difference. 


7. The original AN/APN-9 design has been modified to some 

considerable extent for marine use and is now offered for sale by 
the Radiomarine Corporation of America as the LR-8801. A new 
mounting frame (shown in Figure 1) is provided. Installation of 
the set in restricted locations on board ship is easily accom- 
plished as the frame alloYYs both horizontal or near vertical 
mounting. The power supply Yvas changed for operation on a 115 
volt> 60 cycle source. An additional control, concentric with 
the "fine delay" control provides vernier adjustment of delay and 
thus allows close matching of the pulse envelopes. The dimensions 
of the equipment are, approximately, 13 l/2 inches wide, 14 inches 
high and 26 inches in depth. The total weight is 89 povmds. The 
panel controls, as shovm in Figure 1, allow fast setting up of the 
station rate. All functions required for matching and reading are 
controlled by one knob. Other operating controls are conveniently 
placed. There are a total of thirty-five tubes employed, includ- 
ing the three-inch cathode ray tube. The latter is provided vidth 
a magnifying lens housed in visor vhich also serves to exclude 
light. Four radio frequency channels, and sixteen pulse repeti- 
tion rates (Basic L and H) are selected by panel controls. The 
display on the cathode ray tube is different than that of other 
sliipborne equipments in that a serai-logarithjnic sweep is used. 

This feature is vieYYod as an improvement by some operators as the 


1. Loc. cit. art. 10.5.3 p 40 
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IMPROmiENTS IN LORAN EQUIPltENT FOR 3HIPB0RHE USE 


pulse is apparently expanded or stretched by merely moving it to 
the left hand end of the trace. Other operators, perhaps those 
accustomed to linear sweep display, find difficulty in interpret- 
ing sky wave pulses. Therefore it appears to be a matter of per- 
sonal preference as to the relative advantages and disadvantages 
of the two forms of display. Figure 2 shows the internal arrange 
ment of components. 

New Lor an Shipbome Equipment 

8. A completely new Loran receiver indicator, designed for 
marine use, is the Sperry MARK I, Mod. 1, raan\ifactured by the 
Speriy Gyroscope Company. Originally designed for the U. S. 

Navy, the development was completed and manufacture begiin before 
the end of the war. The equipment is housed in a cabinet con- 
structed for deck mounting (Figure 3). The cathode ray tube is 
deeply recessed to allow operation in brightly lighted sites 
without the use of a visor or hood. The arrangement of compo- 
nents, as shown in Figure 4, allows replacement of complete sub- 
assemblies and provides easy access for servicing. Controls, 
other than those reqviired for operation, are located under the 
front cover, thus allowing convenient access when required but 
at the same time discouraging accidental derangement and tamper- 
ing. All essential operating controls are conveniently grouped 
on the top panel as shown in Figure 6. The "test” knob performs 
a very important function in that it allows the navigator to 
quickly perform eill necessary tests to ascertain correct opera- 
tion without the use of external equipment or even removing the 
front cover. A diagram illustrating the display on the cathode 
ray tube for the veurious test positions is placed under the top 
cover (Figinre 3). 

9. The outstanding feature of the Sperry MKI, Uod.l is the 
direct reading counter, designed to eliminate the fore-mentioned 
disadvantage of calibration marker counting. Pulses are matched 
in the usual manner. As the delay knobs are turned, a counter 
mechanism similar to the mileage totalizer on an automobile 
speedometer indicates the delay in microseconds. The counting 
process is thereby eliminated as the time difference is merely 
read from the meter. The accuracy of the device is stated as 
plus or minus one-half microsecond and can be quickly checked 
with the use of the test switch mentioned above. A brief dis- 
cussion of the relative accuracy of direct versus indirect read- 
ing indicators may be of interest. The process involved in 
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IMPROVEMENTS ^ LORAN EQUIPMENT FOR SHIPBORNE USE 


na-tching the pulse envelopes is similar for all sets and the 
same can be said of the alignment accuracy. The accuracy of 
reading the time difference idien using indirect reading indica- 
tors depends upon the abili'ty of the operator to estimate the 
distance from some reference marker to the nearest ten micro- 
second marker, thus performing a visual interpolation. The di- 
rect reading device utilizes a mechanical counter for interpo- 
lation. A test position is provided to check the accuracy of 
the setting of the counter at ten microsecond intervals by 
superimposition of markers. A comparison of the two systems 
shows that for the direct reading device the overall accuracy 
depends upon the ability of the operator to match pulse en- 
velopes by superimposition of the traces, while for the other 
device, the overall accxiracy depends upon the pulse matching 
ability together with the ability to interpolate between 
markers . 

10. The equipment described above is capable of receiving 
signals transmitted on the foxir Loreui radio frequency channels 
and on twenty-four specific pulse repetition rates (Basic H, L 
and S). Its direct reading feature enables it to meike full use 
of the basic accuracy of the Loran system, shortens the time 
required for obtaining a fix and reduces to an appreciable ex- 
tent human errors in obtaining the measurements. 

Developments Being Undertaken at Present 

11. The elimination of marker counting from the operating 
procedure has been accomplished by the direct reading Loran 
receiver indicator described above. Further advances cam be 
directed toward the constiruction of smaller, simpler and cheaper 
eqxiipments. Work is now being undertaken by several manxifac- 
turers toward this objective. Investigation has already indi- 
cated that size, weight and power supply requirements oan be 
materially reduced, primarily by the use of miniature tubes. 

The Philco Corporation of Philadelphia has developed a new re- 
ceiver indicator. Production has not yet begun; however, the 
laboratory work is reported to be complete. 

12. This equipment is a direct reading instrument incor- 
porating several new features aimed at reducing time required 
to obtain a fix. Two meohemioal counters are available for re- 
cording the time difference reading on two pulse repetition 
rates. The operator is thereby permitted to make a reading on 
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one rate, using one counter mechanism. Then, after switching to 
the other rate, the other counter is used for the second reading. 
The first reading can be quickly checked by merely switching back 
to the first rate. The use of the double counter device shortens 
the Interval between the two readings and may eliminate the 
necessily for advancing the first line by the distance the vessel 
has traveled during the interval. This feature is perhaps more 
attractive to aircraft users than to marine navigators. 

13. Another new feature is the inclusion of an automatic fre- 
quency control iriiioh eliminates the manual phasing of the local 
oscillator with the incoming signal. This feature is necessary 
to take full advantage of the dual counters as, otherwise, the 
"drift" control would normally require slight readjustment each 
time the set is switched to another rate. 

14. By medcing use of miniature tubes, space, weight and 
power drain are materially reduced. The size of the oongplete 
luiit is only 15 inches by 15 inches by 10 inches. Although the 
above oonaiderations are also of greater interest to airorsLft 
users, certain marine installation problems, particularly on 
siiiall vessels, are simplified. Full coverage of the Standard 
Loran System, including the four radio frequency channels and 
twenty-four specific pulse repetition rates, is provided. In ad- 
dition, the receiver may be tuned to two channels in the 180 to 
220 kilocycle band being investigated- at this time. 

15. Lest users of existing Loran receiver indicators feeir 
possible obsolescence of their equipment should the low fre- 
quency channels come into general use, it should be emphasized 
that the existing receivers would require merely the addition 
of a small box containing frequency conversion circuits for the 
reception of the low frequency signals. 

Possible Trends of Future Developments 

16. Extensive simplification of Loran receiver indicators by 
the use of trick "tube saving" circuits does not appear to be 
possible for the immediate future. The successful development 
of a direct reading instxounent has been a great step toward sim- 
plifying operating procedvire. The next step is, obviously, the 
development of automatic, instantaneous, and continuous indica- 
tion of the time difference on one or more pulse repetition 
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rates. The practical benefits of such a device for marine use 
are questionable in view of necessary added circuit complications 
with attendant maintenance difficulties. One of the outstanding 
featvires of the pulse technique is the ability to discriminate, 
visually, between multiple path pulses. To do so with the use of 
automatically operated clrcvdts indeed presents a problem. Fur- 
ther refinement, such as matching Individual cycles of the radio 
frequency signal rather than the matching of pulse envelopes 
would result in accuracies comparable with phase matching systems, 
without the inherent disadvantage of lane ambiguity present with 
the latter system. 

17. We must realize, however, that it may be some time before 
any greatly improved system can be developed and its attendant 

" growing pains'* ameliorated. From the practical point of view of 
both the navigator and of the manufacturer of equipment, waiting 
for the materialization of ideas is always a lengthy and costly 
proceeding. In the meantime, the currently available instruments 
for shipborne use, together with the existing, time-proven. Stand- 
ard Loran System, offer the navigator a practical, useful means 
for solving much of his problem. 

18. To potential users, who anxiously await promises of re- 
duced costs, a simple analysis should show that development, en- 
gineering, and tooling costs must be absorbed by the total number 
of units manufactured and it therefore follows that general accept- 
ance of the systems allows quantity production which, in turn, 
means lower unit costs. 

19. ' Loran receiver indicators currently offered for sale ful- 

fill a definite need in aiding long range navigation in a thor- 
ou^ly practical and dependable manner. Much of the development 
and engineering cost has already been liquidated. General ac- 
ceptance of current models therefore has obvious advantages. 


P. V. COLMAR 

COW-iANLER, USCG 

U. S. COAST GUARD ACADEMY 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON, CONN • • • APRIL 28 MAY 9. 1947 


CONSOL. 

INTRODUCTION 


1. The Consol Navigation Sysueni (a British improvonent of the 
German Sonne System) was described at first I.Ivi.F.A.Iw.N. (Vol. IJ of 
report, page 32) and estimated performance figures were quoted. At 
tnat time three Sonne stations were in operation, at Stavanger (Norway), 
Lugo and Seville (Spain), operating on frequencies of 31V, 3^3, and 
311 Kc/s respectively. Since tiian a Consol station using British 
equipment h^.s been brought into continuous operation at Bush Mills in 
Northern Irexand on a frequency of <63 Kc/s/ The establishment of 
this seipvice was announced in an Admiralty Notice to Mariners on 
29th October, 1^46,. and has made possible operational trials on ships 
in order to obtain some estimate of the usefulness of the system for 
Marine Navigation. Investigations of the accuracy of the s>steni have 
continued. 


PART T - MAHIi-lE USER TRIAL S 

Scone of Trials 

2, The Push Mills and Stavanger stations together provide good 
facilities for fixing position over part of the North Atlantic and 
the seas around Great Britain, and comprehensive trials have been carried 
out in these areas; further trials are still in progress. The signals 
can be received on the medium frequency communications receiver which 
is standard equipment on most ships, and an observation merely involves 
counting dots and dashes. The ships selected to report on the Consol 
system have been supplied with instructions describing the system, 
hints on the best method of making a dot/dash count, charts for 
transforming dot/dash counts into position lines, and blank forms on 
which to enter Consol fixes against the position obtained by normal 
navigational methods. Two fairly small scale charts, issued for Air 
N avigation purposes, were used;- 

(1) R.A.F, Experimental Consol Chart on Mercator's Projection, 
scale 1:2,000,000, between latitude 50®N and 6l°N, and 
Longitude l^V and 3W, 

(2) Topographical Consol Chart; Great Britain, Sheet 2, scale 
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1:1,000,000 (Conical Orthomorphic Projection), 

The projection used for the second is not very suitable for marine 
navigation, but one of the main purposes of the investigation was to 
determine whether the inception accorded the Consol system warranted 
the Production of special charts for marine users. 

3. Up to the present the ships participating in these trials 
have included; - 

28 deep-sea and coastal vessels (passenger and general cargo); 

3 colliers; 

3 ships engaged in special duties. 

In addition, similar trials are being carried out in the Royal Navy, 
from which reports have also been received, 

4* Ships captains were asked to give their opinion on the valt:e 
of the system, the ease of obtaining fixes, and the nature and degree 
of any interfex^noe. In addition the logs of Consol fixes against 
navigational positions were also required. 

General Considerations 

5, While there were expectations that mariners would regard 
Consol as a useful aid when it was not possible to obtain a fix by 
other means, e,g, D/^ bearings, the opinions so far expressed indicate 
that it has wider possibilities. It appears that ships officers 
consider Consol to have ceirbaln technical advantages over ordlnaiy D/^. 
They have stressed that without doubt Consol will prove to be a valuable 
aid to navigation. These conclusions have been reached although 
severe Interference has been experienced during the trials, particularly 
from beacons on or very near the Bush Mills frequency, 

6, The process of obtaining a position is simple and little 
practice is needed to recognise and count the characters correctly. 

Up to the present the main handicap has been the absence of tables 
(of Consol readings against geographical position) or suitable marine 
charts. See U.K, Paper No, 19, 

7, Various opinions have been expressed on the rate of transmission, 
since Bush Mills is twice as fast as Stavanger, The cycle of the 
German-built beacon at Stavanger (319 Kc/s) ocetQ)le8 two minutes, 
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of which the dot/dash period takes one minute. At Bush Mills 
(263 Kc/s) the cycle has been reduced to 60 seconds , half of which 
is devoted to the dot/dash period. Although the Stavanger 
transmission is unduly slow, most navigators prefer it because it 
is easier to read. The Bush Mills speed is, in the words of one 
report, "as fast as can be conveniently used in practice when the 
highest accuracy is required". Nevertheless, there is some advantage 
in the hl^r speed, as two counts can be made in the time of one. 
Steps are now being taken to reduce the duration of the Bush Mills 
cycle still further to 40 seconds, but without increasing the speed 
of the count. If Stavenger were also to use this shorter cycle it 
should be possible to obtain a fix in two minutes or less. 

8. The time ratio of dash to dot is also being considered. It 
appears that, as at present adjusted, the Bush Mills ratio of 3sl is 
t^ low and navigating officers have some difficulty in distinguishing 
dots from dashes, and would like it Increased to 5:1 as on the 
Stavanger transmissions. 

9* It will be noticed that these considerations relate to matters 
that can be remedied without dlffie\]lty, and are of a type that 
may be anticipated in the initial stages of a practical investigation. 

SfiffiBaKifisn Sfiiusl Efesta isml Mj-jeaUgntd Usssi 

10. The logs received from ships give Consol fixes obtained by 
ships officers in the course of their ordinary duties, against 
positions estimated by dead reckoning, buoy positions, visual bearings, 
etc. The figures are being analysed to obtain some estimate of the 
magnitxide and distribution of errors. The figures that are so far 
available show that in the Irish Sea, (the centre of which may be 
taken as roughly 100 miles from Bush Mills and 450 miles from 
Stavanger), the standard deviation for fixes taken at night (the 
worst time) was 3*25 nautical miles; and in the southern part of the 
North Sea (approximately 260 miles from Bush Mills and 370 miles from 
Stavanger) the standard deviation by day was about 5.0 miles. These 
figures axe likely to be on the hi^^ side because the estimated 
positions may themselves have been in error. 

11. No mention of the lobe amblquity of the system has been made 
by Mariners, since approximate positions have been known to within 
limits that positively established which of the six alternative bearing 
lines from each station a shop was on. It has not therefore been 
necessary for Mariners to take rought bearings of the ground stations 
with a D/F loop. (See report of Ist I.M.R.A.M.N. Vol. II, P.33). 

Shop^bome EiOdifiS 

12. Both Consol and M.F. H/F are systems giving a fix by bearings 
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from two stations, and a comparison between their performances is 
possible. 


13, It is felt that there has been a tendency to over-estimate 
the accxffacy of D/^j ship-borne d/F is very inaccurate at night at 
ranges above say 40 miles. Moreover, apart from any inaccuracies 
Introduced by propagational phenomena several other factors usually 
affect the determination of a position line by D/F, e,g, errors the 
ships compass, error in D/F calibration, and lack of sinmltaneity in 
reading the ship's head and the D/F bearing. In clear weather the 
long periods tlmt elapse between transmissions mean that 15 minutes 
or more may be required to obtain a D/F fix, and even when beacons 
operate on a fog schedule the time is likely to exceed six minutes, 

14. The Consol system has these advantages 

(i) No special equipment is needed; a ships ordinary 
communication receiver is sufficient, 

(il) No calibration of the receiving installations is involved, 

(ill) No training is needed, simple written instructions are 
sufficient, 

(iv) A medium frequency receiver fitted in a lifeboat could 
be used to determine position if Consol charts were 
carried, 

(v) The signals occukt only very narrow bemds, and cause 
little interference in comparison with M,C,W, (and 
pulse systems), 

(vi) A few Consol stations cover an extensive area 
(Range 1,000 miles by day, 1,500 by night), 

15. It is considered that M,F, D/F will remain as an established 
service for coastal navigation for some years, and should be improved; 
nevertheless consideration is being given to the possibility and 
practicability of a few Consol stations replacing a larger number of 
D/F beacons and giving higher accuracy and at least the same coverage. 

Interim Conclusions 

16, In the user trials already completed the Consol system is 
very favourably regarded by the mariner as an aid to navigation, 
particularly on ocean passages, because of its simplicity and independence 
of special receiving apparatus. The possibility of using the system to 
give assistance in coasted navigation should be considered. 
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PART 2. ACCURACY INVESTIGATIONS 

17« Haying described the steps that are being taken to siibject 
the Consol System to practical trials by the merchant marine and the 
first results of these trleiLs, it may be of interest to sujryey the 
scientific work that has been (or is being) carried out to ascertain 
the accuracy of the system under various conditions. 

18. The accuracy by day is governed by instrumental errors in the 
transmitting equipment including errors in the setting up of the 
correct phases and amplitudes of the currents in the aerials, and by 
irregularities in the surrounding terrain, Propogation is almost 
entirely by ground wave and such errors as have been observed diaring 
the day may be attributed to the above causes, itither than to the 
presence of ionospheric waves. At night, however, ionospheric waves 
appear, and have amplitudes which may be equal to, greater than or 
less than the amplitude of the ground wave, depending upon the 
location of the observer with respect to the transmitting station. 
Combinations of ground and ionospheric waves will, in general, give 
rise to bearing errors. 

Theoretical Considerations 

19. At very long ranges the polar pattern of the Consol aerial 
system corresponding to radiation reflected from the ionosphere is • 
substantially the same as that for the ground wave. As the range is 
reduced, the two patterns differ materially , At night three regions 
will exist:- 

(a) a region at long range in which the ionospheric wave 
will predominate 

(b) a region nearer to the transmitting station in which 
ionospheric and ground waves have comparable magnitudes 

(c) a region still closer to the transmitting station in 
which the ground wave predominates, 

20. In region (a) the bearings obtained will be very nearly the 
same as those conqiuted fz*om the ground wave poler diagram. The 
error will however increase as the range decreases and can be 
coBiputed with fair accuracy provided that only one ionospheric wave 
is present and that this wave does not deviate from the great circle 
path through the transmitting and receiving stations. In region (b) 
ground and ionospheric waves may combine in many ways and bearing 
errors may be large. In region (c) the accuracy will be limited by 
instrumental errors and irregularities in terrain. 

21. Considering first region (a), in which it will be assured 
that a sln^e ionospheric wave only is present, the bearing error is 
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snail and is given approocimately by: 

A e • (1 - cos H ) tan C (l) 

where © is the bearing referred to the normal to the line of aerials 
and o( is the angle of elevation of the ionospheric wave at the 
earth’s surface. This is a syst-ematic error which gives an apparent 
bearing too close to the normal to the line of aerials. Assuming 
normal E- layer reflection at height of 90 kms,, A 0 may vaiy with 
range and azimuth, as indicated in Fig. 1. As the range is reduced, 
equation (l) is no longer valid, and, in the limit, the systematio 
error may be negligible. Since ground and ionospheric waves have 
comparable magnitudes at a range of about 370 miles for an overseas 
path, the error curves may bo expected to have maxima at this renge 
for any azimuth. The maxima are likely to occur between 250 and 
300 miles for an overland path, 

22, At extremely short and long ranges, the random errors are 
likely to be fairly small. At intermediate ranges, however, ground 
and ionospheric waves combine with random phase, and probably with 
random relative amplitudes , Random enrors will therefore be sigser- 
iraposod upon the systematic error generally as shown in Fig, 2, 

23 » The effect of random combination of the ground and ionospheric 
wtves may be visualised as the opening and closing of the polar 
pattern of the aerial system in a manner similar to the opening and 
closing of a fan. If the changes in the phase and amplltvide of the 
ionospheric wave are svifficiently rapid and sufficiently great, an 
equi-signal might be heard twice or more during a keying cycle. Such 
counts would of course be meaningless, and should be disregarded. 

If, however, the change of phase and amplitude of the ionospheric 
wave is slow eui equi-slgxmkl will be heard once only, but an Incorrect 
count of the radiated Morse characters may resiiLt. 

24, The above qualitative analysis has been confined to the case 
of a signle ionospheric wave. But should multiple ionospheric waves 
appear, as is quite likely at long ranges, subsidiary maxima may 
occur in the error curves, 

Nummary gf Observations over Sea 

25, Fig, 6 shows the results of an interesting series of 
observations made during three trips on the Glasgow - Montreal route. 
This route is substantially radial to Bush Mills and at approximately 
200 to the normal. Other Investigations carried out in the United 
Kingdom have been somewhat limited in scope. However, the results 
obtained up to date permit the following generalisations to be stated:- 

D«g..erE2£g 

(a) Systematic errors during the day are absent or very small. 
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(b) Random errors in the covint of characters are independent of 
azimuth and substantially independent of range. Observations 
of Bush Hills disclosed & 50 % error of about half a 
character corresponding to 0.11° near the normal and 
0,22^ at the edge of the coverage. Obsezrations of 
Stavanger, however, disclosed a 50^ error of the order 
of two characters corresponding to about 0.33^ near the 
normal and 0.6'7<> at the edge of the coverage. But it is 
known that t^re was difficulty in maintaining adequate 
monitoring at Stavanger at the time the observations were 
made, so that greater reliance may be placed on the resttlts 
quoted for Bush Mills. 

Right Errors 

(a) Systematic error increases steadily at sunset, is a 
maximum at about midnight cmd decreases steadily to zero 
or a small quantity at sunrise. 

(b) Systematic error increases with increase of azimuth 
referred to the normal. 

(c) The R.M.S. amplitude of random errors varies with time and 
azimuth in a manner similar to that of systematic errors. 

The 50 per cent error for Stavanger varies from about 0.4 
degrees in the vicinity of the normal to about 1 degree at 
40 degrees to the normal. These errors are applicable to 
a range of about 400 miles and are not likely to be 
exceeded for smaller or greater ranges, unless multiple 
ionospheric waves are received. (These figures for 50 
per cent error refer to reception at ground monitoring 
stations. Random errors are somewhat greater in an aircraft 
due to less favotirable conditions. The 50 per cent error 
of one observer may be as much as twice that of another due 
to difference of abllily). 

(d) Accuracy at ranges of the order of 400 miles from the 
station varies markedly from night to night. Poor accuracy 
is characterised by occasional reception of more than one 
equloslgnal and by fading during the keying cycle. 

Sawmsg sS. sssi ias^ 

26. Observations made entirely over land under favourable conditions 
and under British control have not been possible. The Germans, however, 
carried out large scale observations on "Sonne 12" near Warsaw in which 
for^-flve receiving stations, spread xinifomly over the coverage area, 
took part. 
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27« Day Errors . Aceixracy day appears to be much the same as that 
for oyersea obsexyations. Whereas, however, the accuracy seens 
practically independent of range for an oversea path, errors are 
increased by a factor lying between two and fotir at 500 niles range 
for an overland path. 

28. Wight Errorp . As would be expected, night errors of propogation 
over land have the sajne trends as night errors for propogation over 
sea. The results of the German observations are stamnarised in Figs. 3 
4 and 5 and refer to the greatest errors, which occur at about 
midnight. 
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BUSH MILI^ TRAHSMITTER 

The following brief notes on the transmitter are appended. 

1. Two units, the power supply and transmitter unit of a 
standard R.AJF. transmitter, supply 1 Kw of output power to the 
aerials, which radiate 500 watts. Another unit of similar size 
contains the special Consol apparatxis for the keying and phase 
shifting operations, and the monitoring panel. Frequency is crystal 
controlled. 

2. The whole of the apparatus is dtqjllcated as a standby and 
for ease of maintenance. Power supply is normally derived from the 
mains, but a Diesel generator can be started vqj if the niAina fail, 

3. The transmitter is shut down daily from 1500 liovirs to 
1515 hours to change over transmitters and to deal with auy faults 
(e.g. on the aerials) which can only be tackled on a complete shtrb 
down. 

4. Monitoring is carried out visually and aurally. One monitor 
is 1.3° to the side of the centre line at a distance of 2.2, km, from 
the transmitter. The signal heard should be 5 dots, an eqtiisignal, 
and 55 dashes. If the phasing is incorrect, a correction can be 
applied by moans of a control on the monitoring panel. 

5. In practice, substantially the only adjustment that has to 
be made is matching of the feeders should this be required due to 
weather changes. The matching units are motor driven and are 
controlled from the panel. 

6. Two men are on duty per watch. 


345 




346 







347 










ERROR (characters) ERROR (CHARACTERS) ERROR (CHARACTERS) ERROR (CHARACTERS) 



348 


ERROR (OECREES) ERROR fPEQRECS) ERROR (DEGREES) ERROR (DEGREE S) 








IMMRAN DOC. 27 



INTERNATIONAL MEETING ON MARINE RADIO 

NEW YORK CITY AND NEW LONDON. CONN • - ' 


AIDS TO NAVIGATION 

APRIL 28 MAY 9. 1947 


MARINE AIDS TO IIAVIGATIOH BROADCASTS 


- By - 


E. K. RHODES 

COMMANDER, U. S. COAST GUARD 
ASST . CHIEF. COMMUNICATIONS DIVISION 


ABSTRACT 


Iliis paper describes in detail the methods and facili- 
ties used to inform ships at sen, of changes in aids to naviga- 
tion and obstructions to navigation, by means of radio 
broadcasts. The proper manner for ship masters to report 
obstructions and defects in aids to navigation, which they 
observe, is also contained herein. 

>J.l United States Radio Stations vdiich broadcast 
Hydrographic information and changes in aids to navigation 
are tabulated and appended as inclosures. Hie frequencies 
used and times of scheduled broadcast are indicated for each 
radio station. 
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MAM® AIDS TO riAVIGATION BROADC>\STS 


1. Of the many duties performed by the U, S, Coast Guard the 
three most closely related to the subject matter are (1) the main- 
tenance of a system of marine aids to navigation, (2) the location 
and destruction of derelicts and other menaces to navigation, and 
(3) the International Ice Patrol. 

2. The first, generally speaJcing, is local in nature and the 
broadcasts of outages, or changes in aids to navigation, are made 
by the local Coast Guard radio stations. The other two, on the 
other hand, are of interest to areas or sections and are broad- 
cast from the large naval radio stations. 

3. Ihe United otates, including the territories of Alaska 
and Hawaii, the Island of Puerto Rico and the Virgin Islands are 
divided geographically into foiirteen Coast Guard districts. The 
district commander in each of these districts is responsible for 
the proper operation and maintenance of the marine aids to navi- 
gation in his district. In spite of all preventive measures, 
marine aids suffer casualties. It is ths responsibility of the 
district co-ronander to keep the mariner advised of any changes 
that take place in the established aids. Reports of outages 
are received from within the Coast Guard itself, from private 
citizens and, in many cases, from the master of a ship who 
becomes cognizant of the defect, from personal observation. The 
ship master is encouraged to report to the nearest Coast Guard 
district any defects as evidenced by the following notice which 
appears in several publications: 

"A report by radio of any defects noted in the aids to 
navigation in the waters of the United States and its 
possessions should bo addressed "Coast Guard" emd 
transmitted direct to one of the Government radio 
shore stations listed herein for relay to the Commander 
of the nearest Coast Guard District. 

Merchemt ships may send messages relating to defects 
noted in aids to navigation through coi/imercial facili- 
ties only when they are unable to contact a Government 
radio shore station. Charges for these messages will 
be paid by the U. S. Coast Guard. 

ouch cooperation will assist materially in the prompt 
correction of defects, and in the effective maintenance 
of aids to navigation. 

Note: — fiost of the value of a report is lost by the 
delay which occurs when it is wron^y addressed." 
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4 * From these reports the district commander and his staff 

prepeare the material urtiich is then transmitted to the radio 
stations within his district that are to broadcast this informa- 
tion. Each of the districts has its own radio facilities. >it 
least one coiabined radio telegraph-radio telephone station is 
located in each district. In certain of the larger districts 
where a single station does not provide adequate coverage of 
the district, one or more additional combination radio stations 
are provided. In addition, certain Coast Guard depots and bases 
have been provided with radio telephone equipment only and broad- 
casts by voice are made from these stations. The broadcasts 
themselves are made twice each 24 hours. The complete broadcasts 
include weather which is furnished by the regional weather bureau 
office, any storm warnings which may be in force at the time, and 
the notice to mariners. 

5. The regularly scheduled weather and marine information 
broadcasts by radio telegraph are preceded by preliminary announce- 
ment on the calling and distress frequency 500 kc two minutes 
prior to the scheduled time for the broadcast to begin. The 
actual broadcast is made on the working frequency assigned to 

the station. 'The radio telegraph broadcasts are sent clearly 
and distinctly, transmitted at a telegraphic speed not in excess 
of 15 words per minute. In most cases automatic tape is used for 
this purpose. As in the case of radio telegraph, the radio tele- 
phone broadcasts begin with preliminary announcement on 2670 kc, 
the frequency is then changed to 2698 kc and the report is read 
through once only at good writing speed and follows the natural 
phrasing of the text rather than word for word. The information 
contained in these broadcasts is also passed to the local coastal 
harbor radio station if there be one and is broadcast by that 
station on commercial frequency assigned to the station. 

6 . Storm warnings, advisory and other urgent marine informa- 
tion is broadcast immediately upon receipt and at each even or 
odd hour, as the case may be, for a period of 6 hours unless 
cancelled or superceded. 

7. Reports received by the Coast Guard involving the more 
inq>ortant changes or defects in the aids to navigation such as 
the displacement of the Nantucket Shoal Light Vessel of a serious 
obstruction in the approaches to a harbor are reported immediately 
to the Hydrographic Office of the Navy Department to be included 
in the broadcasts which are sent out daily by the Navy through 
its major radio stations. 
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8. Hydrographic Information relating to western Atlantic 
waters is broadcast by Navy Radio Washington (IBS) in the Hydro- 
lant series either numbered or unnumbered according to whether it 
is of general or of only local interest. In the Pacific waters 

a similar series knovm as Hydropacs is broadcast from Naval Radio 
Station Honolulu (HEM) . Numbered Hydrolant and Hydropac mes- 
sages are re-broadcast by all stations transmitting hydrographic 
information in their respective oceeuas. unnumbered Hydrolant 
messages are re-broadcast only as necessary. Files of effective 
Hydrolants and Hydropacs are available at branch Hydrographic 
Offices, U. S. Navy Port Directors or from Collectors of Customs. 
The information broadcast by Coast Guard stations, which includes 
the weather and defects in local aids to navigation, is also 
available in printed form called Notice to l!ariners v/hich is 
issued by the Commander of each Coast Guard District and copies 
may be obtained from the nearest district office. 

9. Ship masters should inform the Hydrographic Office 
Immediately by radio of all derelicts, wreckage, mines or other 
floating obstructions to navigation. These reports should be 
addressed "Hydro" and transmitted direct to one of the Govern- 
ment radio shore stations listed herein. 

10. These reports are compiled by the Hydrographic Office 
and Issued as Hydrolants or Hydropacs as appropriate, and are 
broadcast by all stations covering the areas in which the ob- 
structions to navigation are located. 

11. %Taen obstructions to navigation are removed or destroyed, 
this information is also broadcast, 

12. One of the more in^ortant duties performed by the Coast 
Guard is that in connection with the International Ice Patrol, 
in accordance with the provisions of the International Conven- 
tion for the Safety of Life at Sea, London 1929* The ice patrol 
is conducted by ships and planes assigned to this duty and 
operate under the Commander, International Ice Patrol. The 
object of the ice patrol service is to locate by scouting both 
by air and by surface craft, and from radio information obtained 
from passing ships, the location of icebergs and ice fields 
nearest to and menacing the North Atlantic steamship lanes. 

These patrols determine the southeastern, southern and south- 
western limits of the ice areas in the general vicinity of the 
Gremd Banka of Newfoundland, The patrols keep in touch with 
the ice as it moves southward in order that the trans-Atlantic 
shipping may be continually advised of the location of the ice. 

13. Hie vessel on patrol uses the International radio call 
NIDK. Vihen not actually on patrol it uses its own IntemationaJ. 
call. These vessels maintain a continuous listening watdh on 
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500 and 8280 kc for dlstrass signals. A continuous watch is 
also maintained on 468 kc for general communication with vessels 
of the Merchant jviarine. 

14. The work of the cutters on patrol is greatly facilitated 
by reports which are transmitted to the Ice Patrol vessel by 
vessels of all nations which transverse the Worth Atlantic. 

The ships transversing this area are requested to furnish the 
following data by radio: (a) Iceberg or other object cited 
giving time {GX3T), latitude, longitude, set, and drift; and 
in case it is an iceberg the temperature of surface water at 
the time should be included, (b) when bound east or west, 
report every four hours irtiile between latitudes 39° North and 
49° North, and between longitudes 43° VVest and 540 West, giving 
time of observation, latitude, longitude, course and speed, air 
temperature, visibility, surface temperature of sea water, wind, 
and sea conditions. These data facilitate the drawing of a 
temperature chart which la useful in locating the various currents 
and predicting the drift of icebergs. 

15. Ihe patrol vessel summarizes the reports received from 
other ships together with its own observations and transmits 

this information to the Commander of the International Ice Patrol. 
There it is anal3rzed and an ice bulletin is prepared. This 
bulletin is then broadcast by radio station Argentia, Newfound- 
land, radio call NV/P. These broadcasts are made twice daily at 
0118 and I318 GOT. Each broadcast is preceded by the general 
call CQ on 500 Icc with instructions to shift to receive on 
480 kc A-2 emission and 8100 kc CW. After shifting to these 
frequencies. Station MVP transmits test signals and the Inter- 
national Ice Patrol call NIDK for 30 seconds to permit the 
ship’s operator to adjust his receiver for best reception. 

The ice bulletin is then transmitted. At the conclusion of 
the first transmission and after an interval of 2 minutes the 
bulletin is again transmitted on both frequencies. 

16. Special ice bulletins may be broadcast at times other 
than regular scheduled times if urgency warrants. In such cases 
a preliminary call will be made prior to transmission of special 
bulletin. The transmission of special bulletins because of their 
urgency will be preceded by the International Safety signal TTT. 
The ice bulletin is also transmitted to the Hydrographic Office 
in Washington, D. C, and re-broadcast by the large Navy radio 
stations. 

17. Copies of this paper are available. Included are tabu- 
lations shoiving the radio stations that broadcast material as 
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outlined herein, indicating both the frequencies and the times 
of scheduled broadcasts. 


E. K. RHODES 

COliMARDER, 17. S. COAST GUARD 
ASST. CHIEF, COMMUNICATIONS DIVISION 
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INCLOSURt A 


STATIONS Broadcasting marine Information 


Station a;:o 

Call Letters 

Time (g.Li.T*^ 

Dockland, I'iaine 

{Nu£} 

1730 

liPON RECEIPT AND ON 

EVEN HO'JR intervals 

Boston, Hass, 

0343 AMO 1548 

0400 AND 1600 

Upon receipt ano on 

EVEN HOUR INTERVALS 

Upon receipt and on 

000 HOUR intervals 

New YORK, .i.Y, 
(M-'iY-2) 

04UU AMO 16u0 

LPCf.* receipt ano on 

EVEN HOUR intervale 

f.'EW YORK, 'I.Y* 

(fJMY) 

0400 A NO 1600 
liPO'^ RECEIPT A ID ON 
000 HOUR INTERVALS 

Philadelphia, 

PA. (NMK} 

0518 AMO 17ie 

05m0 and 1700 

Upon receipt ano on 

EVEN HOUR INTERVALS 

Upon receipt ano on 

ODD HOUR INTERVALS 

bALTlMORE. !'C« 

(NMN-7) 

174^i 

Upon receipt ano on 
odd hour intervals 

Norfolk, va. 

{tm) 

0430 ANO 1630 

0400 AND ISUO 

Upon receipt amo on 

EVEN HOUR INTERVALS 

Oo. 

Fort Macon, 

(NI -11-37) 

171 S 

Upon receipt ano on 


ODD HOUR INTRAVALS 


FRE- 

'^UEflCY 

cf'< 1 S- 

NATURE OF 0ROAOCAPT 

(kc.) 

SIOM 


2698 

A-3 

^iEGULAR BROAOOhSTS 

2698 

A-3 

’imergency broadcasts 

2693 

A-3 

fvEGULAR BROAOCAS’^E 

425 

A-1 

Go. 

425 

A-1 

E'iercehcy broadcasts 

2698 

A-3 

Jo. 

174 

A-2 

IiEGULAR broadcasts 

474 

A-2 

F.MERGEU'GY broadcasts 

2GD3 

h-3 

Regular broadcasts 

2G93 

A-3 

Emergency broadcasts 

2699 

A-3 

Regular broadcasts 

425 

A-1 

Jo. 

2598 

A-3 

Emergency droaocasts 

425 

A-1 

Jo. 

2598 

A-3 

REGULAR broadcasts 

2698 

A-3 

Emergency broadcasts 

2598 

A-3 

Regular broaocaits 

410 

A-1 

JO. 

410 

A-1 

Emergency broadcasts 

2698 

a-3 

JO. 

26QP 

A-3 

i'EG.JLAR EROAOCa^TC 

26C8 

A-3 

blfcRCFNCY broadcasts 
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Stations baoaocasting Marine Information (cont) 


Staticn kW 

Time 

Fre- 

quency 

£•113- 

aatute of broadcasts 

Cali Letters 

(ko.) 



Charleston, S.C. 

(NM8) 

0548 A NO 1748 

2s93 

A-3 

Regular sroaogasts 


Ufow receipt ano on 

EVEN HOUR INTERVALS 

2GSR 

A-3 

Emergency broadcasts 

JACKSONVILLE^ 

Kla, ^»1V} 

0a500 a no 17QC 

2698 

A-3 

Regular bioaocasts 


UPCfl RECEIPT AND ON 
)I)0 HOUR INTir.VALS 

Jc98 

A-3 

£f1£RGENCY OROAOCASTS 


i)o. 

45', 

A-1 

Do. 

Miami, Fla. 

(NMA, 

0400 A NO i :.on 

482 

A-2 

.Usular broadcasts 


■JPON RECEIPT ANO ON 
EVEN -lOUR INTERVALS 

432 

A-2 

Emergency '^roaocasts 

Key vJest, fla. 

(NOKI 

U413 AMO 1618 

269U 

A-3 

Regular broadcasts 


Upon receipt and on 

EVEN HOUR INTERVALS 

2393 

A-3 

Emergency broadcasts 

ST.P£T£^.S8UR6, 

Fla, (NOF; 

0518 AND 1718 

2598 

a-3 

RF.CULAR broadcasts 


Upon receipt .ivo on 
EVEN HOUR INTuKVALS 

21)98 

A-3 

Emergency croaocagts 

l.oaiLt, ala. 

:noq, 

0530 ANO 1730 

2558 

A-3 

REGULAR PROAOCASTS 


UPON receipt A'li) ON 
OOU HOUR INIEUALS 

464 

A-1 

Vlrgency broadcasts 


UPON .UCeiPT ^'10 ON 

EVEN HOUR INTERVALS 

2093 

A-3 

Jo. 

;j£w Orleans, la« 

((#«) 

0413 ANO 1618 

448 

A-2 

Regular broadcasts 


UPON RECEIPT AN'O ON 
EVEN HOUR INTERVALS 

'••40 

A-2 

ll ERGENCY BROADCASTS 

GALVeSTOfI, TFX. 

^NOY; 

TsOO AND 1600 


h-3 

Regular bROAOCASTS 


JPON trCEIPT AHO ON 

FVEN HOUR INTERVALS 

•125 

A-1 

EriEPGENOY BROADCASTS 


Upon receipt avg on 
I’JJ -lOGV intervals 

2698 

n-3 

JO. 

SAfi Juan, P.R. 

;nmr) 

U3C0 A-J 1500 

2693 

A-3 

R-gular broadcast:; 


3330 Af40 1530 

1 r7 

A-1 

DO. 


UPON RECEIPT AKO UN 

lven h'5lr intervals 

127 

A-1 

ilMERGEHCY BROADCASTS 


Upon receipt and cn 

ODD HOUR INTERVALS 

2618 

A-3 

Oo. 
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Stations BROAUCACTiNb Marine Informatiom (cont) 


Fke- 


nTATiOt* ANO 

Call Letters 

t IME ^G,G, T« } 

QbEMCY 

6m I s- 
SION 

NATLRr OF liROAOOACT 

Ung Beach » 

CALif. (NMQ) 

0400 AMO 1600 

425 

A-1 

Regular broadcasts 

0400 AMU 1600 

LRo' receipt ANO ON 

2698 

A-3 

Do, 


COO HOLR IMTE.IVALS 

Upon receipt ano on 

2696 

k-Z 

i-'MERGE.VGY OROAUCASrS 


tV£?' HOJR INTFRVALS 

425 

A-1 

On, 

Monterey* 

Calif, (NOJ) 

U44B A NO 1548 

Ul’Jil RECEIPT ANO ON 

2698 

A-3 

REGUIAR CRPA'jCASTS 


EVEN HCUfI INTr<^VALS 

2G96 

A-3 

GMERGENCV 3RCAUCAGTR 

San rRA^4CISC0, 

Calif. (NMC-2) 

040 J AYC loUO 

UPOr4 RECEIPT AMJ ON 

418 

A-2 

REGDL/.'; bioaucasts 


EVEN HOUR INTERVALS 

418 

A-2 

rilEFGE'K.Y CROAOCASTS 

SA.-I fRANOISOOf 

Calif. (NMG) 

0418 A.:a 1G18 
cPON RLCtIPT ANO ON 

2-bS 

A-3 

RTGULAR iHGAjuASTS 


OJO HOUR INTE'iVALS 

iC9e 

a-3 

Z E ICY 8ROA0CA3TS 

Seattle* 'i^ash. 

(Ity; 

0430 AMO 1630 

425 

A-1 

Regular Srohucasts 

OOOO A 10 1700 

Upon receipt ano on 

2693 

A-3 

:>o. 


EVEN HOUR intervals 

425 

A-1 

Emergency broadcasts 

• 

1)0, 


A-3 

Jo. 

KETC’UKAN, 

Alaska 'NMJ) 

0533 ANO 1 7oG 

41 U 

A-1 

lUCuLArt anOACCASlS 


05in hmo i:3G 

Lpon receipt ano on 


a-3 

J j. 


even HUR INTE‘?VAL^ 

410 

A-1 

EiiTHGENCY JRf.'AUCASTi 


Oo. 

2098 

A-3 


HOfOLULU, T.H, 

ItiMO) 

0930 ANO 2130 

1;R ‘V receipt awo on 

LOCAL OUO HOUR 

2698 

A-3 

»;:cuLAi Ort:>AOCASTS 


INTERVALS 

2598 

A-3 

Emergency uroaocasts 


Jo, 

425 

A-1 

JO, 


78407S 0—48 24 
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Inclosure B 


Bell System Coast Harbor Stations 
Broadcasting Marine Information 



Call 

Fre- 

Present 

station 

letters 

quency 
(kc. ) 

G.C.T. 

Schedule 

Boston, Mass. 

(V/OU) 

2506 

0420-1620 

New York, N.Y. 

i'Nox:) 

2522 

0350-1550 

V/ilmington , Del . 

(WEH) 

2558 

0430-1630 

Norfolk , Va . 

(V/GB) 

2538 

0400-1600 

Charleston, S.C. 

(VVJO) 

2566 

0400-1600 

Miami , Fla . 

(VraR) 

2514 

0400-1600 

Tampa , Fla . 

(WFA) 

2550 

0400-1600 

New Orleans , La . 

(WAK) 

2598 

0400-1600 

Galveston, Tex. 

(KQP) 

2530 

OIOO-I83O 

San Pedro, Calif. 

(KOU) 

2566 

0400-1600 

San Franc isco,Cal if . 

(KLH) 

2506 

0430-1630 

Eureka, Calif. 

(KOE) 

2506 

0500-1700 

Portland, Or eg. 

(K<4X:) 

2598 

0210-1940 

Seattle, Wash. 

{KOfi) 

2522 

0200-1930 

Astoria, Oreg. 

(KEiC) 

2598 

0200-1930 
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Inclosure 0 


Stations Broadcasting HinSROUUfBS and HYISiCJPACS 


Atlantic Stations 





Frequencj^ in kilo- 

Time 


Call 

cycles. Type of 

( Green- 

Station 

Sign. 

emission Al except 

wich 



as noted 

civil) 




0330 

San Juan, P.R. 

NMR 

127 

0400 

Boston, Mass. 

NMP 

425 

0400 

Nev/ York, K.Y. 

NMY 2 

474 (A 2 ) 

0400 

Norfolk, Va, 

NMN 

410 

0400 

Maml, Fla. 

NMA 

482 

04I8 

New Orleans, La. 

NMG 

448 (A 2 ) 

0430 

V/ashington, D.C, 

NSS 

122 , 4390 




9425, 




12630 

0430 

Balboa, G.Z. 

NBA 

5005, 11080 

1030 

Balboa, C.Z. 

NEA 

5005 » 11080 

1530 

San Jvian, P.R. 

NMR 

127 

1600 

Boston, Mass. 

NMF 

425 

1600 

New York, N.Y. 

NMY 2 

474 (A 2 ) 

1600 

Norfolk, Va. 

MjDJ 

410 

1600 

Miami , Fla . 

NMA 

482 

1600 

Balboa , 0 .Z . 

NBA 

5005, 11080 

1618 

New Orleans, La. 

NMG 

448 (A 2 ) 

1630 

Washington, D.C. 

NSS 

122 , 4390 




9425. 




12630 

2100 

Balboa, C.Z. 

NBA 

5005, 11080 


Pacific Stations 


0000 

San Franci SCO, Calif . 

NPG 

115, 9255 

12540 

0000 

Oahu (Honolulu) T.H. 

NFM 

16.68, 9050 

13575 

17370 

0400 

Long Beach, Calif. 

NMC^ 

425 

0400 

San Franc isco, Calif . 

KMC 2 

418 (A 2 ) 

0400 

Oahu ( Honolulu ) T.H. 

NBI 

16.68, 9050, 

13575 


17370 
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Pacific Stations (cont) 


Time 
( Green- 
wich 
civil) 

station 

o o 

o o 

Seattle, V/ash. 

San Francisco, Calif 

0430 

Guam, Marianas 

0530 

0800 

Ketchikan, T.A. 

Oahu (Honolulu) T.H. 

1300 

Guam, Mariemas 

1600 

1600 

1630 

1700 

Long Beach, Calif. 
San Francisco, Calif 
Seattle, Wash. 

San Francisco, Calif 

1730 

2000 

Ketchikan, T.A. 

Oahu (Honolulu) T.H. 

2200 

San Rrancisco, Calif 

2300 

Guan, Marianas 


Frequency in kilo- 
Call cycles. Type of 

Sign emission A 1 except 

as noted 


HMV/ 

425 

KPG 

115, 4390 
9255, 

12540 


155, 4265, 
8530, 

12795 

17060 

NMJ 

410 

ima 

16.68 

4525, 9050 
13575 

NHJ 

155, 4265, 
8530, 

12795 

17060 

NMti 

425 

NMC 2 

418 (A 2 ) 

NMP/ 

425 

NPG 

115 » 4390 
9255, 

12540 

NMJ 

410 

mu 

16.68, 

9050 

13575 

NPG 

115, 9255 
12540 

NPN 

155, 4265. 
8530, 
12795 
17060 
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Inelosure D 


Stations Broadcasting Ice Information 


FreqLuency in kilo- 


Tiine 

Station 

Call 

cycles, T3rpe of 



Sign 

emission A 1 except 




as noted 

0118 and 1318 

Argent ia , 




Newfoundland 

NIVP 

480 (A- 2 ) , 8100 

0400 and 1600 

Boston » Tvjass 

NMF 

425 

0400 and 1600 

New York, N.Y. 

NI<IY 2 

474 (A-. 2 ) 

0400 and 1600 

Norfolk, Va. 

NMN 

410 

0430 and 1630 

Washington , D. C , 

NSS 

122 , 4390, 9425, 


12630 
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OCEAN STATION VESSEL MRIME SERVICES 

- By - 


Harold €• Moore 
Captain, U.S* Coast Guard 
COAST GUAM) HEADQUARTERS, WASHINGTON, D> C. 


ABSTRACT 


This paper presents a brief discussion of the functions 
of Ocean Weather Stations together with an historical resume of 
the program and the need for the ocean weather stations in the 
postwar era. 

The paper concludes with a nontechnical discussion of 
the services rendered by the ocean weather stations and their 
use to the maritime world. 
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OCEAN STATION VESSEL MARINE SERVICES 


Introduction 


1* There has been considerable discussion during this 

meeting regarding radio aids to Marine Navigation pointing 
directly to oev'tain systems and methods for accomplishing the 
specific function of position fixing with some mention of anti- 
collision devices* Actually, Marine Navigation includes a much 
broader field than that of position fixing alone* In addition, 
radio aids to Marine Navigation includes such things as dis- 
tress and alerting communications, Vfeather Broadcasts, Medical 
Aid Communications, Safety and Warning Broadcasts, communica- 
tions regarding routing of vessels and in some cases direct 
radio conDUinioations between vessels on the high seas* 

2« A vessel on the high seas is at the mercy of weather, 

sea and sometimes ice and other floating obstructions* Further, 
the vessel's safety depends on the continued functioning of 
rotating machinery* I mention these things because we are 
likely to neglect this aspect of the problem when actually, in 
spite of all of our technical accomplishments, icebergs do exist 
and ships run into them, storms regularly occur and ships are 
damaged by them* Likewise, machinei*y ceases to function and we 
have a helpless vessel at sea* Anyone who will take the time to 
lo.ok over our Weekly Report of operations is likely to be taken 
aback by the large number of such oases that occur practically 
every day* 

3. Fortunately for Marine interests, the requirements of 

ocean air transport have forced the issue for a proper ocean 
weather reporting system, and hand in hand with this system has 
come a windfall for the Marino shipping industry in the form of 
a proper rescue vessel dispersion on the high seas, these 
vessels being completely equipped with modem telecommunication 
facilities. This places in the hands of those concerned with 
safety of life and property at sea the most potential tool for 
distress prevention and relief that has ever existed. 

4* In the most restricted sense an ocean weather station is 

merely a floating weather observation post* The station is 
equipped and manned as are the hundreds of other Weather Bureau 
Stations throughout the world* The purpose of all these stations 
is to observe, periodically, the various meterologioal elements, 
surface and upper air, and transmit this information to a central 
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Weather Bureau office for distribution, evaluation, and use. In 
this manner the ocean station vessel is providing a platform, in 
a fixed location in the ocean, from which weather observations 
can be made. 

History 


5. I am sure that all the maritime world is familiar with the 
prewar organisations for obtaining weather date from the ocean 
areas. If you remember, all vessels were requested to make stand- 
ard reports at six-hour intervals whenever they were able to 
communicate with a shore radio station, and especially selected 
ships were designated by the Weather Bureau to make more detailed 
reports along certain routes. This program is now being re- 
established by the Weather Bureau for the postwar era. 

6. With the onset of World War II, surface weather reports 
which had normally been made by transatlantic shipping were dis- 
continued because of the radio silence imposed on belligerent 
shipping and also because of the provisions of the Neutrality Act 
which prevented United States ships from engaging in European 
trade. The result was that practically no weather reports were 
received from the North Atlantic Ocean area. There was thus a 
manifest need for strategically placed ships which could provide 
the necessary meteorological date. 

7. Therefore, in January, 1940, at the request of the 
Secretary of Agriculture (in whose Department the United States 
Weather Bureau then was), the President ordered Coast Guard cutters 
performing neutrellty patrol off the Grand Banks of Newfoundland 
withdrawn from that patrol aud reassigned by the Coast Guard to 
ocean weather stations in the Atlantic. Two of these stations 
were established early in 1940 between Bermuda and the Azores, 
with the Coast Guard providing the ships and communications facili- 
ties and the Weather Bureau providing the meteorological personnel 
and equipment. The total number of stations was gradually in- 
increased to eight in 1944 because of further demands for more com- 
plete meteorological data. The system eventually expanded to a 
maximum of 22 stations, seven of vdiich were operated by the 
United Kingdom and 13 by the United States. For a short period 
two additional stations were manned by Brazilian vessels working 
with the U.S. Navy and based at Recife, Brazil. 

8. Early in 1946, as danobilisation of the armed forces 
approached completion, the strictly military needs for ocean 
weather stations lessened considerably, and the number of stations 
operated tivas reduced to four. However, the fundamental need for 
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the information supplied by these vessels still remained. The 
first steps to establish ocean weather stations on a permanent 
peacetime basis were taken at the North Atlantic Route Conference 
of PICAO in Dublin, Ireland, in March, 1946, when it was recom- 
mended that 13 ocean stations be established at specified loca- 
tions in the North Atlantic Area. This recommendation of the 
Dublin Conference was approved by PICAO at Montreal, and a con- 
ference of the North Atlantic States to implement this plan was 
called in London in September, 1946. At this Ocean Weather 
Observation Station Conference, the following governments agreed 
to participate in financing and operating the thirteen recom- 
mended stations t Belgium, Canada, France, Ireland, the Nether- 
lands, Norway, Sweden, the United Kingdom, and the United States. 
The agreement calls for the United States to operate seven of the 
thirteen stations and one additional station Jointly witn Canada. 
This agreement is an example of international cooperation to 
promote safety, regularity, and economy in intercontinental com- 
merce. It provides a pattern for such cooperation by which 
nations could participate in furnishing other vitally needed 
facilities, like long range aids to navigation, in accordance with 
their use of such facilities. These facilities of general use 
need never come out of one nation’s pocket. 

Functions and Services 

9. As previously stated, the primary function of the ocean 
station vessels is to observe and transmit weather information. 
Briefly, the observations consist of routine surface observations 
and obtaining the temperature, humidity and pressure in upper 
levels by radiosonde obsenrations, also determining the force and 
direction of upper level winds by tracking with radar a free 
balloon carrying a radar target or reflector. 

10. It is understandable that the ocean weather stations are 
located primarily to fulfill meteorological needs. In practice, 
this requires that the vessels be placed some six to seven hundred 
miles apart. Such arrangement, fortunately, establishes an 
almost perfect listening net for distress traffic on the inter- 
national marine distress frequency of 500 kilocycles. Logical, 
then, is their additional function as search and rescue units. 
Ocean weather station vessels also provide navigational data to 
aircraft and ships, make oceanographical and other scientific ob- 
servations, and perform such other functions as may bo prescribed. 

11. Specifically the services performed by the ocean weather 
station vessels which are useful to maritime interests can be 
listed briefly as followsi Improved weather forecasts; use of 
radiobeacon signal for both position fixing, and homing; radio 
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relay serrloe (ships business and weather reports); medical advice 
and assistance; improved distress watoh on 500 kcs plus additional 
distress watch on 8280 kos; radar weather detection; ice informa- 
tion and advice as to other ships in the vicinity in case of 
distress. All or most of these services, useful to surface 
vessels, are part of the tradition of the sea and expected from a 
Coast Guard vessel vdierever found. 

12. The particular ability of the ocean station vessel to be 

of assistance is both direct and indirect in character. One of the 
direct uses of the ocean station is its ability to provide vessels 
in the general area with weather and sea information. If there is 
sufficient demand for such seinrice, certain of the weather stations 
could have on board special personnel qualified to construct 
weather maps and to advise, upon request, as to the location and 
intensity of storm centers and the best courses for ships in 
individual oases to avoid winds and seas of destructive violence. 

13. The indirect uses to the maritime world are much more far- 
reaching and offer, therefore, more ultimate benefit to the ship 
operators. We should attempt to learn from the experience of the 
war, lessons to be applied in peacetime operation. I refer in 
this instance to the wartime sailing conference, held in the Port 
Director's Office prior to the departure of each convoy, at which 
many of you will remember there was discussed, among other things, 
the weather situation along the convoy's route and how it would 
affect tne convoy. Of course, during wartime our concern was not 
so much with fuel consumption or time en route, or economy, as it 
was with the submarine menace, air coverage, changes of escort, 
and other things. But even as weather and rescue played a vital 
pert in these wartime considerations, it does, as you well know, 
play a vital psirt in your present-day operations. To have a 
major liner materially damaged at sea, delayed a day or more 

en route, to have passengers or crew injured through the violence 
of a North Atlantic storm, is very poor business no matter how you 
view it. I think you will agree that both the passenger agent and 
the advertising man would take a dim view indeed of such a situa- 
tion. We cannot hold up sailings or disrupt schedules, or wish 
the storms away, but we can know a great deal about atoms and sea 
conditions and take intelligent steps, not only to avoid the vio- 
lence of the storm, but to use its location and movement to our 
advantage. The presence of a network of ocean station vessels 
reporting to central infomation offices provides so much addi- 
tional information concerning sea and weather conditions that it 
is not only possible but practicable to infom the ocean steamship 
operators day by day of sea conditions and to give pertinent 
advice on their sailings in order to avoid the destructive violence 
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of wind and sea. If a liner can by a slight deviation from the 
usually traveled route pass a storm to the northward instead of 
the southward and so obtain following winds instead of head winds, 
no time will be lost, no damage will be sustained, and the ship 
will arrive on schedule. 

Conclusion 


14. It can readily be seen, therefore, that the ocean station 
vessels fit smoothly into the comprehensive problem of marine navi- 
gation sold constitute an important part of an integrated system to 
promote increased safety of life and property at sea. 
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ABSTRACT 

This paper discusses the use of electronic equipaent for the 
control of hydrographic surreys. It descrlhee one particular systea 
in sons detail, although It does not go into the theoretical 
considerations in any way. The actual uses of the equipment in one 
extensire surrey are described. 



ILlCaaONlC AIDS TOR Tgi COinCROL SI HYDROGRAPHIC 3URYBYS 


1. Daring the past fire or six jreare there were many elec- 
tronic devices made primarily for the determination of the dis- 
tance between two teuiglble objects. The general purpose was, of 
course, to locate one object with respect to another, as, for 
exai^le, the shore with respect to a moving ship, or one ship 
with respect to another, and so on. These could all be classed 
as position finding equipments If they were used In connection 
with some stationary objects of known position. In general these 
all used the principle of uniform velocity of the electromagnetic 
wave through free space, and that It would reflect from an object 
and return to the original source, and thus make it possible to 
determine the distance. The accuracy of this distance measure- 
ment depended upon the quality of the measuring device as well as 
the reflecting power, or aspect, of the target. To obtain a more 
definite target from which echoes could be obtained, the racon 
was developed. Then, with the use of two or more of these racons 
the position of the craft could be, determined with an accuracy 
which was excellent for navigational purposes. This racon was a 
transponder, which, on being challenged by a ship's radar, would 
reply, pulse for pxilse. The Indicating "scope" In the radar 
would then present the Information from which both distance and 
azimuth to the "target" co\xld be obtained. This racon was about 
as simple a piece of equlpnent as could possibly be made and still 
function with a moderate degree of accuracy. It Is about some 
such system as this that this short discussion will be on. 

2. Two of this type of navigating systems which were devel- 
oped during the last few yesurs are LOHAN and SHORAH. These two 
systems are somewhat alike, but In the actual ax^pllcatlon of 
these principles they are quite different. They are alike In 
that they both have a master station and two slave stations; but 
In Loran all three of these stations are ashore and the moving 
craft is equipped merely with a measuring device which will tell 
only the difference in time of arrival of the slave pulses with 
respect to the master's signals, since it can In no way see when 
the signals were started out from the ground stations. This time 
difference between the arrival of the signal from the master 
station and either of the two slave stations will then be plot- 
table on a chart as a hyperbolic line (or lines) of position, and 
the intersection of two of these lines will be the position of 
the craft. The rapid divergence of these lines of position as the 
craft goes away from the base line, then will cause Increasing 
positional errors In distance, but which remain approximately con- 
stant relative to the distance. 

3* Row, in Shoran, the master station Is on the moving craft. 
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and this includes the tine measuring devioe. Therefore, the dis- 
tance to the master station is alvajrs Zero, and the other distanoes 
meauBurad must he the actual distances to the two sl&Te stations. 

The Shoran S/stem then becomes a ”tvo-circle" S 7 eteim, and a position 
is indicated by the Intersection of two circular arcs the centers 
of which are the two ground stations. 

4. Shoran is the only Sadar system which was specifically 
designed as a high precision position finding equipment for a reXT 
special purpose during the war. It has been adopted by the U. S. 
Coast and Ceodetic Surrey as a control for hydrographic surreys in 
areas beyond the practical use of rleual control. With two ground 
stations established at accurately determined positions ashore, 1h« 
equipment on board the surrey ing res eel will supply the hydrograjhar 
with InstaneouB Information as to his position by indicating the 
distances from the two ground stations. 

5. It is not necessary to go into any great detail as to the 
functioning of the rarlous components of the system to tell how it 
works. As already pointed out, the ship equipment is the master, 
and the two ground stations are the elares. The ship equipment 
transmits signal pulses or challenges, to each of the two ground 
stations in turn, where they are immediately retransmitted back 
along the same path orer which they came. Korel circuits in the 
ship equipment automatically measure the time elapsing between the 
challenge and the reply and conrert these into distances in statute 
miles between ship and ground station. These two distances then 
are the required data for the two-circle fix. This is the partic- 
ular fact which makes Shoran the high precision position finding 
equipment it is. Vhaterer error may be found to exist in one mea- 
8ur«Bent can be applied to all distances to correct them. The 
errors may not be exactly the same numerically for all distances, 
but they are of the same order; and the relative error decreases 
materially as the distances Increase. 

6. Shoran radio frequencies automatically limit the useful 
range of the system to a little more than the line-of-si^t dis- 
tances. This is not exactly true for the short distances usually 
obtaining in hydrographic surreys. Actual practice has indicated 
that the usefvd range is about 1.6 times as great as the optical 
distance, so with ground stations at an eleratlon of about 250 
feet and the ship's antezma about 80 feet, the line-of-sight dis- 
tance is about 33 statute miles, while the actual effective range 
of the equipment is nearly 50 miles. 

7. The ship equipment transmitter challenges on two frequen- 
cies, one about 230 and the other about 250 megacycles per second. 
Its receiver Is tuned to a frequency of about 3 IO. The transmitting 
circuits are designed to challenge each ground station alternately 
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at a rate of about ten times per second, each on Its ovn frequency; 
at the same time, these circuits permit the replies from the par- 
ticular ground station to he presented in the proper position in the 
indicating tube for the measurement of the distances. Xach ground 
station reeelTer is tuned to one of the two frequencies mentioned, 

230 or 250 meps. The challenge is recelyed, amplified, and retrans- 
mitted on 310 to the ship where it is properly selected as alread^r 
noted. The system is designed to permit the operation of a rela- 
tirely large number of ship equipments without mutual interferencst 
but in hydrographic surreys to date, only two surveying units hare 
used the same pair of ground stations at the same time. 

8. The presentation of the data in the indicator is by circu- 
lar sweep on a three-inch cathode ray tube. This sweep is about 2 
inches in diameter making the circumference nearly 6 inches. A 
reference pip, or marker, appears near the top of the tube, on the 
outside of the circle. The two distance pips appear, one on the 
outside and the other inside, in positions relatlre to their dis- 
tances from the ground stations if the measuring device reads "sero 
These distance pips are movable by the vernier system, and can be 
brought into alignment with the reference pip. When this is done, 
the vernier readlzig is the distance in statute miles to the ground 
station for which it is the control. 

9. The distance measurements are made throvigh a goniometer 
system which comprises a Calibrated Phase Advance Network for each 
ground station, and the verniers to make the actual meas\irements . 

This is called the Calibrated Phase Advance Network because of the 
way it is used. The reference pip is stationary— and represents 
the transmitted signal and the reply, were the distance "zero.” 

Now, as the ship departs from the ground station, the challenge pip 
would still appear at the marker and the distance would seem to 
'‘travel around the sweep in proportion as the distance varied. When 
the distance pip is brought into coincidence with the marker, it has 
been necessary to advance the challenge in the same proportion ahead 
of the marker. Thus it is seen that the challenge then is made prior 
to the starker in a time exactly equivalent to the distance between 
the ship and the ground station. 

10. It will be assumed for the purposes of this discussion that 
the velocity of electromagnetic waves in free space is 186,000 miles 
per second, although the equipment is actually calibrated for a ve- 
locity of 186,218 miles. With a challenge rate of 930 pulses per 
seoond^ it can be seen that the rate of challenge will correspond to 
a round trip travel time of ICO statute miles, so that the eystem 
merely begins repeating after passing the lOO-miles distance. It 

is therefore necessary to know one's position to within 100 miles to 
obtain an accurate fix. The circular sweep has three speeds, cor- 
responding to a travel time of 100, 10, and 1 mile per sweep, or 
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with apparent sweep speeds of 930. 9300, and 93000 times per second. 
It can 1)6 easily appreciated that, when the sweep length is nearly 
6 inches, it is relatirely easy to diride this length into rery 
small di visions , so that hundredths, or even thousandths of a stat- 
ute mile may he read* This division is the frinction of the verniers, 
which read directly to hundredths, and, hy estimation, to thousandths 
of a mile (which is approximately five feet). Certain other refine- 
ments have been necessary to make this equipment as accurate a dis- 
tance measuring device as possible. It is well known that there are 
certedn delays occasioned in the passage of radio signals thru the 
circuit elements in receivers and transmitter, transmission lines, 
and so on. When vezy small intervals of time are to be measured, 
these delays take on a relatively great importance. They are con- 
sidered very carefully in the design of Shoran. The method en^loyed 
is to increase the actual lag to some definite value considerably 
greater, for these lags cannot be reduced. Therefore the ground 
stations are designed to include a Variable Delay, and a Calibrated 
fixed Delay by means of which the actual station delay is standard- 
ized at a relatively large value. Slaiilarly, the delay in the ship 
equipment is determined individxially , for each installation is a 
problem in its own right. The two lags are then suided together, 
and this sum subtracted from Zero on the verniers. In the calibra- 
tion of the ship equipment, the marker pip is then adjusted to be 
in coincidence with the transmitted signal from the ship, when the 
verniers read somewhat less than zero— say 99*845, for example, in 
which case then the total instrumental error (lag) has been determin- 
ed to be 0.155 statute mile. 

11. The Shoran indicator equipment is time-controlled by a 93*^09 
kcs crystal; this frequency then corresponds to a one-mile loop dis- 
tance per cycle. Since these eq[uipments were designed for use in 
airerskft, certain control elements were omitted in the ship equip- 
ment, and made a part of the ground equipment, instead. The crys- 
tals in the groxmd stations are high precision thermally control- 
led units; and from certain signals transmitted to the ship from 
these stations, the ship crystal is pulled into exact synchronism 
with them. 

12. The U. S. Coast and Oeodetic Survey was the first organiza- 
tion to use Shoran for the control of hydrographic surveys. This 
was in the late summer of 1945 when some ejqperimental work was done 
in the western JLleutians by the Ship IZPLOBER. In this experimen- 
tal work, the most important study was made of the possible posi- 
tion error when using this system. Of course it was studied with 
reference to die effects on a hydrographic survey where very small 
position errors are tolerated, but which would not be acceptable 

in triangulation even of the second order. The vairlous errors in 
the equipment might, if all acomulative at the same time, be of 
the order of 25 feet in any one distance. Sut it can also be shown 
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that the error in position obtained by three>polnt fix on shore sig- 
nals may also be out approximately the same amount, since It Is gen- 
ersdly not practicable to read angles closer than the nearest minute, 
in error of one minute on angles of 30 degrees, and at a distance of 
ten miles from the signals vlll cause a displacement of position of 
about 12 feet, but at 20 miles nearly 50 feet, and Increases propor- 
tionally. The Shoran error remains practically consteuit orer the 
ituige limits. Other tests were made to determine the actual total sys- 
tem delays for any combination of ship and ground equipments. The data 
obtained from these tests and from other work done in the spring of 19^6 
proved that this system was excellent for the control of hydrographic 
surveys. Large scale operations were planned for the summer of 19^. 1° 
which the Coast and Geodetic Survey Ships XXPIX)EI!S and SCRTEIOB were to 
take part. These surveys were to be made in the waters surrounding the 
Hear Islands— the westernmost grouq) of the Aleutian Island Chain. This 
is an area of plentiful fogs and low visibility in the summer, with its 
share of bad weather, all of which make it difficult to carry visual 
control very far off shore; but at the same time make it ideal (if tha« 
were possible) for control by Shoran. 

13. As in making any new survey, the *lay of the land" must be stud- 
ied beforehand from the beet available charts and maps, then studied by 
actual reconnaissance on the ground, so as to take the greatest advan- 
tage of any special topographic features. In using Shoran there are 
several points to consider when making plans for ground station instal- 
lations. These are accessibility, elevation, and station separation. 

A station should be accessible primarily for getting the materials and 
equipment ashore from the ship (usually) and should be so chosen that 
it is accessible in most any kind of weather for servicing when required. 
Elevation is important, but the cost amd labor of placing a station at 
great elevation should be carefully weighed against the relatively small 
gain in effective distances, and also the fact that long distances from 
one station at high elevation cannot be matched by distances from another 
at a much lower elevation. The area covered by a pair of ground stationa 
is materially affected by the length of the base between the two stations. 

It appears that the optimum distance between two ground stations is about 

eight-tenths the range e:qpeeted from the lower of the two ground stations. 
Thus, if the expected range of the station at the lower elevation is 50 
miles, the separation of the two stations should be about 40 miles plus, 
and then the area covered will be approximately square, with an extent 
of about 2500 square miles. 

14. The distance idiich might be expected to obtain from a ground 
station is given roughly by the formula 

D = 2(Vh + Vk) , where 
S = the distance in statute miles 
h a the heij^t in feet of the ground station antenna 

k = the hei^t in feet of the ship's antenna. 
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13 • As soon as the sites for the ground stations hare been def- 
initely selected, the positions for the rarious antenna systems 
should he located hy triangulation. At the same time that the sta- 
tions are being built, the projection for the work, or, as it is 
usually called, "the boat sheet", should be prepared. This will 
ordinarily be on a scale such that the entire area controlled by & 
pair of stations can be gotten on the sheet, with both ground sta- 
tions plotted on this sheet. In some cases it might be desirable 
to make the sheet considerably larger than usually permitted, in 
order to plot both control stations, for it is much easier to draw 
in the distance circles accurately with a beam compass from an 
actual center than it is to compute the positions for the circles 
and then draw them in with a long spline. Bxcess paper can easily 
be cut off. The standard maximum size sheet is 42" x 72", but it 
has been found expedient to make the sheet as long as 100 inches 
to facilitate drawing in the control. The arcs of equal distances 
are usually drawn in in colored ink, one color for each ground 
station, to prevent confusion. The Interval between arcs varies 
from two statute miles on a 1:40.000 scale to 10 miles on scales 
of 1:160,000 and 1:200,000. 

16. The actual plotting is done by means of a special device 
called an "Odessey Protractor." This is made of plastic, to the 
same scale as the survey sheet. A series of concentric circles 
are drawn or scribed, the circle Interval being either 0.1 or 0.2 
statute mile, depending upon the scale. The radius of the protrac- 
tor is equal to the Interval between distance circles on the sheet. 
Circles are identified by small numerals placed on two diameters 
perpendicular to each other. By means of this protractor, the 
Interval between two adjacent circles may be subdivided very quickly 
directly into tenths, and by estimation into hundredths of a statute 
mile, and odd mile distances obtained by adding the small excess 
over a distance circle to that circle. Two distances may be plotted 
in a very short time with a little sj^erlence, and it is possible to 
plot a fix within ten seconds after the data are available. 

17. The general plaui for the field work for the 1946 season 
called for the surveys of the waters surrounding the Near Islands 
which include Attu and Agattu Islands and the Semichi Croup of 
Alald, Nlzki, suid Shemya. The areas to seaward were to be surveyed 
to a depth of at least 1000 fathoms, or to the limit of adequate 
Shoran control. The reqiilrements were easily met, and in general 
control was adeqxiate to carry sounding out to well over 2000 fath- 
oms on the north and 4000 on the southwest. 

18. In making the surreys of the area around the Hear Islands, 
the hydrographer was confronted with rather serious limitation in 
sites suitable for ground stations. Instructions called for the 
surveys of the shoal areas to the westward of Attu to the 170th 
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meridian last, which meant carrying control about 110 to II5 miles 
from Cape Wrangell, which is the westenunost point of land. This 
cape is of sufficient elevation to make it possible to obtain 110 
miles, but single-are control is poor at such distances. The 
chart of this area shows a shoal of about 24 fathoms some 55 miles 
offshore almost west of the Cape; and it was possible to anchor a 
floating ground station there to control the entire sui^ey in con- 
junction with one on the Cape; at least the control would be adequate 
over all but the most western limits. The ground station was estab- 
lished on Cape Wrangell, at an elevation of about I800 feet in ap- 
proximately a week's work, requiring a considerable amount of labor 
for all equipments emd material and supplies had to be back-packed 
up the mountain. This station was called DAR. Immediately the 
station was completed auid operating, the Ship SUE7EY0R made a recon- 
naissance run to the westward to locate this shoal. The least depth 
found on this run was 18 fathoms at about 65 miles from DAB, with an 
approximate asimuth of 260° 

19. As weather conditions were still poor, a second station was 
established on eastern Attu Island, on a point of land to the west- 
ward of Chichagof Harbor. The elevation was about 25O feet. This 
station was called CHICO. Hsiog these two stations, BAR and CHICO, 
the area to the north, and northwestward of Attu was surveyed to 
some distance beyond the present chart limits, and completed iy the 
end of July. 

20. Preparations for the survey of the western areas had been 
continued durizig this time. A large buoy with a marker was planted 
near this 18-fathom shoal to serve as a permanent reference point 
during the surveys. It was planned to moor the Ship SURTZIOB to 
the mooring buoy, thus make it possible for her to maintain position 
with reference to the marker buoy. But this didn't work out too 
well, and it was necessary for the ship to use her own ground tackle. 

21. A ship equipment and a ground station were installed in the 
Ship SDRVETOH so that she could act either as a survey ship or a 
ground station. The same antenna array was used for both instal- 
lations, and change-over could be effected in about 30 minutes. 

22. It was decided that, once this survey was begun, to stay 
with it until it was completed. The inetructions for the survey 

of this area called for development to at least 1000 fathoms on the 
north and south and to the 170th Meridian East on the west. The 
Ship SURVEYOR took station near the reference buoy and made a satis- 
factory determination of the distance buoy to BAR, then changed oper- 
ation to ground station. Distances were successfully measured be- 
tween the Ship EXPLORER and the stations DAR and CHICO and the Ship 
SUR7ET0R. Distances measured by and to the Ship SURVEYOR wpre ad- 
justed so that they represented the distances to the reference buoy. 
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Since the geographic positions of MR and CHICO were Inxovn, it was 
a single aiatter to compute the position of this huoy* It is proh- 
ahle that the position of the huoy was within 100 feet of the true 
position. The survey of this area which was about 5500 square 
miles in extent was completed in about 160 hours actual time. The 
survey was done in three periods, 30. 75. mmd 55 hours, these being 
separated by a severe storm lasting several days in the first in- 
stance and by equipment fsdlure in the second. The latter delay 
was only for about 8 hours. 

23* these two surveys, the maximum distances obtained were 

113 miles from DIB. 74 from CHICO and ^ from the SURVETQE. The 
average useful maxlmums were about 100 from MR, 55 from CHICO and 
35 from the SQRTEIOR, all of which agree quite well with the dis- 
tances computed V the formula already mentioned. 

24. A third ground station was established on the western end 
of Aggatu Island at an elevation of 1000 feet. The construction of 
this station was materially expedited by the use of a weasel which 
handled the transportation of all material suod equipment. This 
station was called IKP. It was used primarily in conjunction with 
BAR for the control of the areas to the west and south of Agattu 
Island, where good control was carried offshore to depths of about 
4000 fathoms. In this paurt of the survey, distances as great as 
95 miles were obtained from IMP, but the average reliable maximum 
was nearer 85 miles. 

25 0 A fourth station was established on Shemya Island at an 
elevation of 300 feet, at a primary triangulation station named 
STAR. This station was used together with CHICO to survey the area 
northward of and between Attu Island and the Semlchl Croup. It was 
necessary to use station IMP for the part of this survey which ex- 
tended south of the base line, for CHICO was out out by the high 
land on the eastern tip of Attu Island. Distances as great as 5C 
miles were obtained from STAR, but this was not necessarily the 
maximum. 

26. To complete the survey of this area, it will be necessary 
to reestablish station STAR on Shemya Island, and CHICO on Attu 
Island, and build another on Agattu Islsuid, probably on the south- 
eastern point on Cape SABAH. These stations should easily carry 
good control as far east as the 175** 30' East. A station on BuldJr 
Island, and a floating station on Tahoma Reefs to the south will 
afford excellent control in the area south of Buldlr Island. Any 
elevation up to about 25OO feet may be had on Buldlr Island, but 
the establishment of a station there will mean a great deal of 
labor and time; but since it would be a key station, the effort 
and time e3q>ended would be well compensated for in the results 
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olitalned. It is possible to rise a weasel for hauling material and 
equipment most of the way up the mountain. It might be more prac- 
tical to establish a temporary station at a lower eleyation than 
the top, for controlling the western areas, then shift to another 
point vAxen that part has been consisted. The probable distance to 
be obtsdned from an eleration of 2000 feet is 110 miles, only a 
little less than that from 2500 feet, which is 120 miles. That 
last 500 feet will be very difficult. 

27. There are two great advantages gained with the use of Shorn n 
for the control of hydrographic surveys. These are the great accur- 
acy of the control and the fact that weather, in so far as visibility 
is concerned has no effects on the operations under way. As yith 
all types of radar equipment, fog and haze have little effect, and 
with the type of presentation, rain, snow, and static effects are 
almost negligible. Control is excellent until the maximum range has 
been reached<~a point which is significant, for the signals disap- 
pear almost at once. 

28. Actual delays on account of station failures were very small, 
a total time of about I6 hours, which would have been spent in sur- 
veys, were lost in this way. All the failures occxirred at ground 
stations: none in the ship equipments. One indicator equipment has 
operated for a period of nearly 1000 hours without any adjustment 
other than the routine. Most of the equipments were used in excess 
of 600 hours, which speaks very well of their ruggedness. All 
equipments have had a thorough overhaul during the past several 
months in preparation for extended operations this summer. 


CLABMCS A. BUBMISTXR 
LIEUTENANT COMMANDER 
U S C & 0 S 
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ABSTRACT 


This paper discusses various solutions of modifying the 
conventional nautical charts to make them useful for navigating 
with radar and Loran without impairing their usefulness to the 
navigator whose ship is not equipped with these electronic aids. 



THE PRODUCTION OF NAUTICAL CHARTS FOR RADAR AND LORAN 


1. Several new aids have oeen made available to the mariner 
by the application of electronics to navigation. As in the case 
of visual aids, the value of these new aids depends largely upon 
the manner in which they are charted. 

2. As buoys, beacons, or lighthouses can be identified by a 
glance at the chart, and a position determined readily, so should 
the modern mariner be able to identify and use these new aids to 
navigation with equal facility. It is the cartographer's province 
to design new charts or to modify conventional charts to accomplish 
this purpose. Of course, the ideal solution would be to adapt the 
present charts to these new tools, without in any way impairing 
their usefulness to tne non-electronic navigator. By so doing, 
ships equipped with radar, Loran, and the like would not be 
required to carry a second, or possibly a third, set of charts. 

3. First, I should like to discuss the adapting of the nauti- 
cal chart for use in navigating by radar. It is well known that 
radar radiation approximates, at least in theory, a line of sight. 
Consequently, ail objects of sufficient height and within range of 
the equipment should be potential targets for position determina- 
tion. The charting of such objects along the shore, whether they 
be responder beacons, reflectors, or so-called radar conspicuous 
objects, presents no problem, because their positions can be 
denoted by symbols; in fact, special symbols for such objects are 
to be considered by the International Hydrographic Bureau at this 
year's meeting in Monaco. 

4. Aside from the charting of these radar aids, we are pre- 
sently concerned with the cartographic treatment of the land 
relief on the conventional chart in a manner that will best util- 
ize topographic features for radar navigation. 

5. Vftien the coastal features are within range of the radar 
equipment, an accurate delineation of the shore line will in most 
cases be sufficient. This is particularly true in areas of rather 
steep shores where the features will appear on the screen very 
much as they are charted. The addition of contours, however,- 
would often allow better identification ^s in the case where occa- 
sional valleys run back from the coast. These lowlands will often 
appeatr on the scope as deep indentations in the shore line and a 
close contour inte]rv 2 il, perhaps as close as 50 feet up to 200 feet 
in some instances, may be desirable to emphasize features of this 
sort. 
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6. Along the low-lying coast the addition of contours may be 
helpful to the navigator, but in many cases a position from dead 
reckoning or other aids will be a necessary adjunct to accurate 
interpretation of the scope. 

7. ^Vhen the shore line and adjacent bluffs are below the 
radar horizon, the navigator must meike use of interior topography, 
and it is the delineation of this topography which presents the 
greatest problem. Many suggestions have been received as to how 
this should be accomplished, including recommendations that only 
prominent peaks or hills be shown by hachures and that seaward 
faces only of potential targets be contoured. Both of these sug- 
gestions have merit in that the chart would be kept cartographi- 
cally simple and hence economic in production. Such a chart, 
based upon a proper amount of field investigation, undoubtedly 
would be satisfactory for average conditions of radar reception. 
However, the picture would be far from complete and under abnormal 
conditions of reception could be confusing or useless to the 
mariner. I believe that this interior topography should be shown 
completely. 

8. Generally speaking, contours are obtained from large-scale 
topographic maps which have a smaller contour interval than is 
necessary or desirable for a relatively sioall-scale chart. The 
contours on the topographic maps were originally drawn with an eye 
to topographic expression; but for the purpose of the radar chart, 
the contour interval must be increased and the contours somewhat 
generalized. The illusion of relief often can be enhanced by a 
very slight shift in the position of the contours, particularly 

in depicting shoulders and saddles. 

9. I believe that contours alone sure not sufficient to pic- 
ture relief for the mariner, regardless of the interveil used or 
the skill with which they are drawn. The Coast and Geodetic 
Survey has produced several experimental charts with the contours 
and gradient tints in brown to emphasize the relief. On these 
charts the relief stands out with clarity and the relative heights 
and masses of hills and mountains, the natural radar targets, can 
be determined quickly and easily. 

10. I must emphasize that gradient tints, if proved successful 
for the purpose intended, will be confined to coast charts of 
intermediate scale. Large-scale charts need no such treatment; 
the shore line, together with artificial and natural radar beacons 
and objects which will be charted by conventional symbols, will 
suffice. 
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11. Considerable study has been given another tint method of 
charting hills and mountains which have been proven by experience 
to return radar signals in varying degrees of strength. Such an 
object returning a strong signal would, for example, be tinted a 
deep brown, another returning a moderate signal, a lighter shade 
of brown, and so on. A hill or mountain returning signals of 
different values, depending upon the direction it is approached, 
would be represented by gradient tints in vertical bands. 

12. Adapting the nautical chart for the use of Loran as a 
long range aid to navigation presents more difficulties them 
radar. The hyperbolas representing the Loran lines of position, 
their designation as to station pairs by color and micro-second 
value by numeration, appear, of course, on the water portion of 
the chart, whereas any features added to the chairt for the use of 
radar are charted on the land area. Overprinting the conventional 
chart with the Loran curves results in such a congestion of sound- 
ings, depth curves, compass roses, and Loran data that the useful- 
ness of the chart for navigation would be seriously impaired. 

13. There are special Loran charts for all areas of the world 
served by the Loran system. These charts are entirely adequate 
for position determination by Loran. However, in some localities 
or under certain conditions, a Loran position may be strengthened 
by using in conjunction with it an astronomical line of position, 
a radio bearing or a line of position obtained by echo soundings. 
The approaches to New York are an example of this — the Loran 
intersections are weak, but radio beacons are available for direc- 
tion finding and the configuration of the ocean bottom is such 
that echo soundings are a valuable aid. 

14. When the Loran is used either with or without one or more 
other aids to navigation, the navigator is forced to use both the 
special Loran chart and the nautical chart, transferring his Loran 
position or lines of position from the former to the latter in 
order to correlate them properly with his depth curves, radio 
bearings or sun sight. The mariner should not be burdened with 
such a procedure, and before doing so would probably prefer to 
plot his Loran curves directly on the nautical chart from avail- 
able tables. 

15. It follows, therefore, that for maximum usefulness of this 

aid while approaching the coast, the nautical and Loran charts 
must be combined in some manner. The Coast and Geodetic Survey 
has received numerous suggestions in regard to printing the Loran 
information: (1) to print it on the back of the standard chart 

for use over a light table; (2) to print it on a separate trans- 
parent overlay; and (3) to print it in a fluorescent ink which 
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would be invisible under ordinary light but which would glow under 
an infra-red light. These suggestions have been investigated and 
objections have been found in each of them. The light-table method 
offered the most promise, but it was found that regardless of how 
translucent the paper or how bright the lighting from below, there 
was difficulty in identifying the Loran lines. The overlay method, 
whereby the Loran data are printed on tracing paper or on a thin 
plastic to the scale of the chart, has the objection we are trying 
to eliminate — multiple charts. The fluorescent ink idea requires 
special printing as well as special equipment aboard ship. 

16. The Coast and Geodetic Survey has produced an e:q)erimental 

chart with the Loran system printed in reverse on the back of the 
standard nautical chart and in register with the face of the chart. 
A position as determined by Loran is transferred to the face of 

the chart, with merely a prick point through the chart. The advan- 
tage of this method is a quick and positive transfer of position. 

The disadvantage is that Loran lines of position cannot be used 

with other aids as mentioned above unless transferred through the 
chart in a like manner, a relatively slow process. 

17. The Coast Surrey also has in the process of reproduction 
an experimental chart whereon the Loran curves will be overprinted 
on the standard chart. On this chart all detail of the conven- 
tional chart will be printed in gray instead of black. Thus the 
detail in the water areas will be subordinated to the Lorein data, 
but will be available for use when required. Another experimental 
chart will show the basic information in black instead of a sub- 
dued color, but with all soundings deleted. The depth curves will 
be retained, and additional ones added for fathometer use. It is 
planned to print these Loran combined charts on the reverse side 
of the conventional charts. 

18. I must emphasize the fact that the charts I have been 
discussing are experimental. The ultimate design will, in a 
large measure, result from the suggestions and criticisms of the 
mariner in using these experimental types. 

19. Because Loran is an aid to offshore navigation, and other 
aids are available when entering or navigating harbors, the Coast 
and Geodetic Survey will, .for the present at least, confine its 
coverage to the small-scale general charts of the coast. 


CASPER M. DURGIN 
COMMANDER, USC&GS 
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ABSTRACT 


This paper describes the application of marine radiotele- 
phony for safety and navigational purposes on the Great Lakes. 
Illustrations are given of navigational uses for radiotelephony. 
Operational studies of the application of VHP radiotelephony using 
frequency modulation as conducted on the Groat Lakes are briefly 
described and the potential value of these frequencies for short 
range marine radiotelephony generally is set forth. The paper 
calls attention to the action of the Interim Executive Committee 
of the Radio Technical Commission for Maritime Services endorsing 
frequency modulation for use in the 30 to 300 megacycle band and 
to the position taken in the United States frequency service allo- 
cation proposal respecting the desirability for international 
standardisation upon the frequency 156.81 megacycles for the 
exclusive use of the maritime mobile service for short range 
communication. 
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SOfffl EXAMPLES OF THE USE OF MRINE RAD 10 TELEPHONY 
FOR SAFETY PURPOSES AND AS AN AID TO NAVIGATION 


1# The first practical application of "wireless” was to ship-to- 

ship and ship-to-shoro comraunioation. The first Interational radio 
conferences were primarily concerned with standardization looking 
toward universality of communication in this field. The continuance 
of this universality in radio telegraphy and its extension into certain 
phases of marine radiotelephony will be one of the subjects discussed 
at the forthcoming International Telecommunications Conference to be 
held in this country beginning 16 May 1947. 

2. During the last 14 years there has been developed on the Great 
Lakes an international radiotelephone communication system of con- 
siderable magnitude and complexity. Some description of this system 
with examples of its use for safety and navigational purposes may be 
helpful in evaluating the future application of radiotelephony to 
marine needs elsevdiere. 

3. Some statistics on Groat Lakes shipping were given by Mr. 
Jansky in his lecture on radar before this conference. Much more 
detailed information on this subject as well as on the navigating 
problem on the Great Lakes will be found in the Report On the Great 
Lakes Radar Operational Research Project, copies of which are 
available to those attending this conference. 

4. The first use for radiotelephony on the Great Lakes was 
primarily to satisfy the need for communication between ships' 
officers and the home offices of the ship operating companies and 
for similar purposes. However, attention was soon directed to the 
value of ship-to-ship communication for safety and navigational 
purposes. The earliest important ship and. shore radiotelephone 
installations on the Lakes were made in 1933 and 1934. By June, 

1939, there were a total of 141 United States ships on the Great 
Lakes equipped for radiotelephony and by July, 1946, the number had 
reached 498. Canadian vessel owners on the Lakes were also active 
during this period of time and by 1946 had equipped 164 vessels. 

5. There is operating on the Groat Lakes a combined United States 
and Canadian fleet of 669 vessels of 600 gross tons and over of wdiich 
336 are bulk cargo freighters, the balance being car ferries, tankers, 
package freighters, passenger vessels, etc. Since most of the total 
of 662 Canadian and United States Great Lakes radiotelephone equipped 
vessels are in the category described above, it can be seen that the 
application of radiotelephony to Great Lakes shipping has almost 
reached the saturation point in so far as the number of mobile instal- 
lations is concerned. 
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6. Prior to 1939 the frequency allocations to Great Lakes vessels 
and shore stations did not provide the universality of communication 
necessary for safety-distress and navigational use. This was corrected 
by the cooperative efforts of the Canadian and United States Governments 
and the Canadian and United States vessel owners' associations which 
resulted in the assignment to the Great Lakes of 2182 kilocycles for 
radiotelephony for both the Canadian and United States government and 
private ship and shore stations. An important step in the program 
designed to increase the value of radiotelephony for safety and distress 
communication was the equipping of a large number of United States Coast 
Guard life-saving and other stations for this frequency also. Today 
the Groat Lsikes radiotelephone system includes the followingj 

a. 662 Canadian and United States vessels 

b. 85 United States Coast Guard shore stations 

0 . 7 Canadian coastal harbor shore stations 

d. 7 United States privately operated coastal 
harbor stations 

7. All ship and shore stations are equipped for radiotelephony on 
2182 kilocycles and maintain an open loud-speaker watch on this frequency. 
Contact between ships and between ship and shore stations is made by 
voice calling on this frequency. TVhile highly important communications 
such as those pertaining to distress take place on 2182 kilocycles, 
normal ship-to-ship communication is transferred to the second ship- 
to-ship frequency, 2738 kilocycles, after contact has been made. 

8. The Canadian and United States commercial radiotelephone communi- 
cations circuits, most of which permit interconnection with land wire 
telephone systems, use the same apparatus but other frequency assign- 
ments. It is not within the province of this paper to discuss the 
business end commercial systems in detail, but some comment is desirable. 
Briefly, in the United States, all ship and most of the shore stations 
are equipped for duplex operation with pairs of frequencies in the 2, 

4, 6, and 8-megacycle bands. The use of these high frequency channels 
in general makes it possible to contact a vessel from shore at almost 
any location on the Great Lakes. On these commercial circuits, selective 
ringing is extensively used. 

9. The Canadian commercial system is some'triiat different from that 
in the United States in that frequencies above the 2-raegaoycle band 
are not so extensively used although some Canadian vessels are equipped 
with the higher frequencies in order that they may contact United 
States conmeroial coastal harbor stations. However, on the 2-raegaoyole 
frequency band there is complete universality in ship-to-shore 
communication between the vessels and shore stations of both nations. 
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The emouat of business traffic heoidled by the eonmeroial oommuni- 
eating sysoems is very great; and during the season of navigation, 
the frequencies assigned to this service are very extensively used* 

10* As mis described by Mr* Jansky in the paper on The Applica- 
tion of Radar to Lake, River and Passage Navigation, ship traffic 
throughout the Great Lakes and particularly along certain courses 
is veiT^ dense* Since universality was obtained by the assignment 
of 2182 kilocycles to the Great Lakes in 1939 and the equipping of 
all ship and shore stations for this frequency, there has been a 
steady growth in the use of radiotelephony for safety and navi- 
gational purposes. The following are a few illustrations. 

11. Under unusually difficult ship traffic situations such as 
exist when visibility is poor, the movement of vessels approaching 
and entering the locks at Sault Ste. Marie is directed and con- 
trolled by radiotelephony. Ships meeting and passing in confined 
waters use radiotelephony to exchange passing instructions. Vessels 
use radiotelephony to notify Coast Guard stations concerning mis- 
placed and inoperative aids to navigation, and other hazards. A 
vessel entering a lake and uncertain of weather conditions ahead 
for distances of 50, 100 or more miles (80, 160 or more kilometers) 
will telephone ahead to other vessels to secure up-to-the-minute 
information. Certain of the harbors on the Great Lakes have narrow 
entrances and somewhat tortuous approaching channels. It is stand- 
ard practice for a vessel entering one of these harbors to call other 
vessels in the harbor to make certain that none is leaving and to 
determine the condition of traffic in the harbor. As an adjunct to 
radar navigation, the radiotelephone is already proving valuable for 
Identification of targets and for exchange of information between 
radar-equipped vessels, as veil as for warning ships not equipped 
with radar of potential danger. All of these uses for radiotelephony 
and many others similar in character previde preventative safety com- 
munication, the purpose of which is to keep navigation safe and to 
prevent ships from getting into trouble. This type of communication 
is not so spectacular, but it is just as imporant as the exchange of 
distress messages which occur after a vessel is in trouble. 

12. Radiotelephony has performed outstanding service during periods 
of violent storms such as sometimes occur in the early spring and the 
late fall and occasionally in the intervening months. The record will 
show numerous instances in which ships have been called to the aid of 

a vessel in distress by radiotelephony, just as on the high sees 
similar service has been rendered by red i ©telegraphy. However, on 
tho Great Lakes the distances are such and the density of ship traffic 
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80 great that radiotelephony is better adapted to distress oommuni- 
oation. On the Lakes the ship navigating officers are licensed 
radiotelephone operators. When one ship goes to the assistance of 
another, communication affecting salvage operations takes place 
directly between the captains of the vessels concerned. This is an 
outstanding advantage of this type of communication. 

13. There exists on the Great Lakes an extensive weather and 
storm warning broadcast service participated in by United States 
Coast Guard stations and by the coastal harbor stations of both the 
United States and Canada. In addition to regularly scheduled broad- 
casts of wind and weather bulletins, special storm warnings and other 
information of urgent importance are disseminated on short notice. 

The value of these broadcasts to Greet Lakes shipping is very great. 

14. The radiotelephone set aboard a Great Lakes vessel has become 
an exceedingly important instrument of navigation. The standard set 
aboard a United States vessel will have six channels, 2 for ship-to- 
ship and other navigational communication, and 4 for commercial 
communication. A continuous loud speaker watch is maintained on 

2182 kilocycles at all times the ship is under way. Selective 
ringing is used on the commercial communications channels. Not only 
are handsets installed on the bridge and in the captain's quarters 
but in some instances a third installation is made directly adjacent 
to the captain's position before the front window in the pilot-house. 

This enables the navigating officer in charge of the ship to communi- 
cate with other vessels around him, with Coast Guard stations, and 
with commercial shore stations without leaving his post for an instant. 

15. An analysis of safety and navigational communication on the 
Great Lakes places considerable emphasis on ship-to-ship and ship- 
to-Coast Guard station communication. While under certain circumstances 
this type of communication takes place over considerable distance, a 
large percentage of it is confined to distances less than 50 miles 

(80 kilometers). This has resulted in some consideration of the 
potentialities of VHF communication on much higher frequencies. If 
such frequencies were added to the present system, they would relieve 
some of the growing congestion due to the steady increase in navi- 
gational communication. 

16. There has been some exploration of the potentialities of VHF 
communication on the Great Lakes making use of a number of single channel 
VHF frequency modulation sets operating on 37.58 megacycles. These were 
loaned to United States Great Lakes shipping owners for the purposes of 
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these studies by the United States Coast Guard. The results of 
these studies have n^t been completely analyzed; and Lake 
Carriers* Association, which sponsored the tests, has not arrived 
at any definite conclusions. In addition to the some 30 Great 
Lakes vessels and a smaller number of Canadian vessels equipped 
for 37.56 megacyoles, the United States Coast Guard equipped 4 
of its shore stations for this frequency. The companies oper- 
ating some of the commercial coastal harbor stations in the 
United States did likewise. 

17. A detailed record was kept of all communications carried 
on with the frequency modulation sets operating on 37.58 mega- 
cycles. A preliminary analysis of approximately 2,000 contacts 
showed a reliability for ship-to-ship communication of approxi- 
mately 90 per cent for circuit distances up to 40 or 50 miles 
(64 or 80 kilometers). Beyond this, as v;ould be expected, the 
reliability fell off very sharply. Similar results were obtained 
from an analysis of the communication contacts between ship and 
shore stations. No comparative tests on the relative merits of 
frequency and amplitude modulation were made. 

18. The relative merits of amplitude and frequency modulation 
for radiotelephony on the very high frequencies have recently 
been considered by a special subcommittee of the Interim Executive 
Committee of the Radio Technical Commission for Maritime Sorvioes 
(RTCM). RTCM is an organization composed of industry and govern- 
ment representatives having among its objectives the study of 
existing and proposed systems of aids to navigation and communica- 
tion to determine their suitability, and the fostering of new 
developments to meet marine operating requirements. It is planned 
that RTCM will serve as a means of coordinating government and 
industry views on matters within its purview and shall formulate 
recommendations on the basis thereof. 

19. The desirability of crystallizing opinion with respect to 
the relative merits of frequency modulation and amplitude modula- 
tion for use in connection with the United States proposal regard- 
ing an international frequency for VHF marine radiotelephony 
resulted in consideration of this subject by the subcommittee even 
prior to the organization of the RTCM Assembly. This subcommittee 
recommended that frequency modulation bo adopted as standard for 
the maritime services within the frequency range 30 to 300 mega- 
cycles and that this recommendation be forcibly presented in all 
quarters associated with the problem of international standardiza- 
tion in the maritime service. This recommendation was unanimously 
adopted by the RTCM Interim Executive Committee. It is, however, 
subject to review by the final RTCM Executive Committee and, if 
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approved by that body, will need to be approved by the Department 
of State before it becomes a part of the accepted United States 
policy. 

20. While the present frequency assignments in the 2-megaoycle 
band now used for safety and navigational communication provide for 
an exceedingly efficient system, it is recognized that the propaga- 
tion characteristics of this frequency are not ideal for a lerge 
portion of the traffic handled. Considerable interference from 
sk^Twave is experienced at times on 2182 and 27d8 kilocycles due to 
use of the sane channels in other areas. Since these long range 
interference effects are very much less prevalent on frequencies 

in the 30-megacycle bsuid and apparently entirely absent on fre- 
quencies of the order of 150 megacycles, it is obvious that these 
very high frequencies are better adapted to short distance communi- 
cation. Also, an additional interference-reducing effect can be 
obtained on these higher frequencies by the use of frequency modula- 
tion. 

21. While reliable communication up to maximum distances of the 
order of 40 miles (64 kilometers; may be expected on 30 to 40 mega- 
cycles with frequency modulation, the range on frequencies in the 
vicinity of 150 megacycles may be somewhat less. Nevertheless, the 
range will be sufficient for a fairly large portion of the naviga- 
tional comraunication now taking place on 2182 kilocycles. 

22.. The United States frequency service allocation proposal to 
be made at the forthcoming International Telecommunications Confer- 
ence recognizes the potential need for VHF maritime mobile radio- 
telephone service and the necessity for international agreement on 
at least one frequency for universal international use if the full- 
est benefit is to be obtained. The proposal states; 

♦ 

”The full potentialities of VHF to the maritime 
mobile service are yet to be realized. Inter-ship, 
ship-shore and related communication functions can be 
performed to the full extent required by certain 
types of small boats, and in part by ocean going 
ships, whenever they are within range of a VHF coast 
station. The fullest development will take place if 
some degree of international standardization is 
effected. This will allow ships to use the same 
equipment at any port and facilitate the manufacture 
and installation of standard equipment with the widest 
range of use. 


- -jti 


78407KO- 48 


389 



"An analysis of the possible future require- 
ments of the maritime mobile service for communica- 
tions in connection with shore-based radars and 
harbor control of shipping, safety end distress 
communications and inter-ship communications on the 
rivers and lakes as well as the coasts of the various 
countries has indicated the desirability of standard- 
izing on a discrete frequency in the vicinity of 
160 Uc for these possible functions* If standardiza- 
tion is not effected at this conference, it may be 
difficult later to provide such an assignment because 
of the anticipated intensive use of very high fre- 
quencies by all services. The frequency 156.81 Me 
therefore is recommended for universal standardiza- 
tion to be available for the exclvisive use of the 
maritime mobile service for short-range communica- 
tion." 

25. The demonstrated value of radiotelephony for safety and 
navigational communication on the Great Lakes emphasizes the 
timely importance of the position taken in the United States pro- 
posal with respect to VHF short range maritime mobile radiotele- 
phony for the purposes set forth in the United States proposal. 


STUART L. BAILEY, 
JANSKY 4 BAILEY, 
Washington, D. C. 
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ABSTBACT 


This paper presents a snnmary of eone electronic systems 
of Aids to Navigation, including the extent to which they ere used 
and a statement of the possible and probable future need for these 
systems. The aids are discussed more or less chronologicelly in 
the order in which they came into being. 
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PROGRESS IN RADIO NAVIGATIONAL AIDS 


Introduction 

1. It is indeed 0 pleasure to meet and talk with so many 
persons who are interested in Improved radio aids to navigation, 
particularly so in the case of those who are not necessarily 
active engineers and scientists but who are concerned with the 
administrative and operational details of these aids. Ve, who 
are concerned with operation, are of course keenly interested 

in new developments but on the other hand we are not as likely 
to be carried away with some apparently striking new development 
because, after all, we are faced with the day to day operation 
of things that are in physical being and know from experience that 
it will be years before a proposed development is in operation. 

It must first be completely tested, operationally proven and final- 
ly it must be accepted by the average mariner. In taking this view 
I have in mind that stern old Individualist, the average mariner, 
who has for years safely navigated his vessel from port to port and 
is not particularly receptive to anything that might detract from 
this individualism or rapidly change his well established naviga- 
tional routine. 

2. It is Intended that this paper present a summary of some 
electronic systems of aide to navigation, including the extent to 
which they are used and my understanding of the possible and prob- 
able future need for these systems. Other papers have covered the 
detailed technical aspects of the problem. The aids will be dis- 
cussed more or less chronologically in the order in which they came 
into being, and the discussion will include a statement of the 
United States attitude regarding certain of these aids. 

Radiobeacons 

3. The first system that enters into this discussion is the 
Marine Radiobeacon System of the World. The first radiobeacons in 
the United States were placed in operatidn in 1921. The system grew 
gradually at a rate of 7 or 8 Radiobeacons per year, and now in- 
cludes approximately 185 Radiobeacons. It is the largest Radio- 
beacon system in the world operated and maintained by any one 
country. In the rest of the world there are approximately 400 Radio- 
beacons. 

4. As the nvunber of Radio beacons in operation increased, 
the number of Medium Frequency Direction Finder equipments aboard 
ship? also increased. One is dependent on the other. Radio Direction 
Finders aboard commercial vessels have come to be recognized as an 
instrunent essential to the safety of life and property at sea. 
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for both sefe navigation and for search and rescue. At the 
present time. United States commercial vessels of 1000 gross 
tons or over, number about 2900 and approximately 2700 of these 
are fitted with Hadio Direction Finders. These equipments are 
also extensively used on smaller vessels. Most marine radio 
manufacturers have standard production models of Radio Direction 
Finders for all types of vessels. Merchant marine officer per- 
sonnel are completely familiar with and trained in the use of 
this instrument and employ it in their dally navigational routine. 

5. United States marine Radio beacons, while not primarily 
installed for use by aircraft, are available for such use. The 
United States Coast Guard during 1946 modified 10 of its Radio- 
beacons located at strategic points in order to make them useful 
to aircraft, which are already eouipped with automatic direction 
finders, and to encovirage manufacturers to produce automatic equip- 
ment for shipboard use. The beacons as -nodifled provide continuous 
carrier operation during the entire transmitting minute, with keyed 
modulation to provide the identifying characteristic. They were 
also placed in continuous operation in their assigned seouence - 
that is to any, one minute on, two minutes' off , twenty-four hours 
daily. Only a minor modification in the control wiring is required 
to accomplish this type transmission. Reports have indicated that 
these beacons are useful to aircraft and that they have been used 
at distances much greater than their advertised range. 

6, If history and experience provide any criterion, the new 
systems of navigation developed during the war will not eliminate 
the need for the present Radiobeacon system any more than the Radio- 
beacon system eliminated the need for navigational aid systems that 
preceded it. The new aids will, within the foreseeable future at 
least, merely supplement the older systems of navigational aide. 

The United States Radio beacon system will be continued and improved. 

Shore-based Radio Direction Finders 


7. The next system that should perhaps most logically be con- 

sidered is the shore-based Radio Direction Finder system, for use on 
both medium and high frequency transmissions. The United States 
formerly operated about 16 east coast and 14 west coast shore-based 
medium frequency direction finders as radio navigational aids. This 
service, except In Alaska, was permanently discontinued in April, 
1946. Present plans contemplate the use of shore-based direction 
finders only for purposes of providing emergency bearings on ships 
and aircraft in distress in connection with search and rescue. This 
system, and in fact any system like it in which the equipment ashore 
determines the data required by the navigator, is subject to satura- 
tion, does not give the user an opportunity to evaluate the data. 
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end involves communication ctiannels. Consequently it is con- 
sidered undesirable as a general aid to navigation. There are 
at present, however, about 90 shore-based medium frequency Radio 
Direction Finders operated as navigational aids by countries 
other than the United States. 

8. Ri^ frequency Radio Direction Finder Stations were 
established during the war as navigational aids primarily for air- 
craft, for purposes of search and rescue, and for military needs. 

The United States has not advocated the use of hi^ frequency 
Radio Direction Finders for navigational purposes, as it is con- 
sidered that the system does not meet the general requirements of 
a navigational aid. It has the same limitations mentioned above 
and, in addition, lacks the accuracy and reliability reouired for 
marine navigation. 

Depth Finders 

9. Depth Finders are mentioned only for the sake of com- 
pleteness. These equipments being independent of facilities outside 
the ship require little, if any, gDvernmental or international con- 
sideration. They have come to be a standard marine necessity and it 
is not likely that any device will replace them. We can thank the 
submarine for providing us with an Incentive to direct research to- 
ward underwater location. There is now an abundance of technical 
Information in this field and all that remains is to translate this 
information into the practical commercial instruments for indicating 
depth, locating fish, examining the ocean bottom or even for inves- 
tigating salinity and temperature discontinuities along our coasts. 

10. It seems appropriate at this time, before proceeding to 
more elaborate war-developed aids, to plead for a consideration of 
the needs of small craft. In this regard I not only have in mind 
the thousands of small craft owners in the United States, but the 
similar thousands of small craft operators in other countries who 
cannot afford the instruments required by elaborate radio navi- 
gational aid systems. It is tfue that many of these craft have 
little need for a radio navigational aid, but there are many, 
particularly those who operate outside the harbors and headlands, 
who have a real need for a simple, cheap and reliable all-weather 
navigational aid. The war research program was directed towards 
radio navigational aids for large vessels and it appears to me 
that there remains an exceptionally fruitful field for research and 
development to provide a navigational device or system suitable for 
all-weother small craft operations. 
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£adar 


11. You have heard various technical and operational dis- 
cussions regarding Hadar. It is enou^ for me to say that this 
electronic device will undouhtedly become as common a sight on 
the bridge of a ship as a compass. 

12. Several United States manufacturers now have production 
models of Hadar available for installation on commercial vessels. 
About 150 United States commercial vessels have Radar permanently 
Installed and new installations are continuously being made. 

13. The lack of a closely regulated commercial Radar program 
in the United States has held up the mr.'^ine Hadar aid program, but 
this is not believed to be a serious consideration and in fact may 
in the end prove to be an advantage. We are not convinced that 
there is a great commercial need for a complicated marine Radar aid 
system and even though some need may exist there has been no indi- 
cation that the United States shipping industry is ready to bear 
the added burden imposed by increased Radar cost due to the addi- 
tion of components necessary to take advantage of such a system. 

If a simple system can be found to fill the need, then both the 
goverrment and the shipping industry will be spared considerable 
expense. Research and development in this field have progressed. 
United States manufactxirers, the U. S. Havy and the U. S. Coast 
Guard have done considerable work in the Radar aid field. Perhaps 
the most practicable accomplishment was that completed by the Naval 
Research Laboratory, in cooperation with the U. S. Coast Guard, in 
obtaining exact quantative data on the reflection characteristics 
of various types of U. S. Buoys and at the same time obtaining the 
reflection characteristics of various typ® of Radar reflectors. 

This data, properly evaluated, has given us information on which 
to design our future buoys and Radar reflectors. 

14. The United States has recognized the potentialities of 
harbor control Radar for use in congested areas. We will watch, 
with interest, the progress in this field that will be made by the 
installation of a harbor control Radar in the port of Liverpool 
during the coming year. 

Loran 

15. The technical and operational considerations of the 
Loran system have been too well covered by others to require further 
discussion here. It might be repeated, however, that this system is 
the only long range navigational system that is extensively used 
over a world-wide area by air and surface vessels. 
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16. Fortunfttely, Loran came into being during the early part 
of the war, and under the preseure of our enemies we were forced to 
standardize on a system that appeared to our Military Commanders, 
Engineers and Scientists to hold the most promise for success as a 
long range navigational aid. There has been no development since 
to indicate that we made a bad choice. However, since the war 
other considerations have arisen with the result that little prog- 
ress has been made toward peacetime standardization, which stand- 
ardization was actually an accomplished fact during the war. We 

in the United States have attempted to preserve this navigational 
system, as we are firmly convinced that due to the press of several 
factors (one of which we are all well aware of and that is the world 
lack of fvinds and coordinated technical effort) there will not be, 
in the immediately foreseeable future, another world-wide system 
installed and placed in operation. In addition, the tremendous 
effort necessary to develop the technical know-how and to re-educate 
our maritime personnel in the use, operation and vagaries of other 
systems, will hardly be forthcoming under peacetime conditions. 

17. Loran has several desirable characteristics for world-wide 
use. It fits well Into the scheme of world geodetic charting and 
in fact a large amount of the basic charting ”ork is already accom- 
plished. It lends itself well to international arrangements, end 
if required, operation of stations on the same rates in different 
countries presents no serious difficulties as exemplified by joint 
Canadian-United States operated stations. There is a considerable 
amount of war stirplus equipment in existence Including shore sta- 
tion, shipboard and aircraft equipment. While this equipment is 
not in all respects satisfactory, a tremendous amount of service 
can still be had with no further expenditure of world effort end 
funds. A start has been made by FlfiAO which can well serve as pn 
example as to how international arrangements might be made to pro- 
vide coverage over areas where the predominant surface and air 
routes are used by a group of countries. 

18. Innumerable manufactxirers throughout the world have faci- 
lities suitable for the manvifacture of Loran equipment, particularly 
the shipboard and aircraft receiver indicators. The Honorary Chair- 
man of this meeting has given you assurances regarding technical 
barriers and patent restrictions. The United States Coast Guard has 
developed a comprehensive set of System Engineering Instructions 
which can be made available to interested countries. These instruc- 
tions are straightforward, tried and proved, and can be followed by 
any competent electronics engineer. A simplified operational test 
procedure has been evolved which will readily locate and remove 
system errors. All of this technical knowledge is available for 
world use. 
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19. In eunmary, a world Loran system is in existence; the 
war has provided many of us with experience and training on how 
to use this system; engineering and technical knowledge if not 
already on hand is available for the asking; there is already in 
existence equipment for reorientation and readjustment of the 
system for peacetime use; and a great part of the world is already 
charted for use of Loran. It is my opinion that we would be un- 
wise indeed to deny ourselves the use of these existing facilities 
in the hope that at some future date a more completely satisfactory 
system might be installed. 

Decca 

20. A complete technical and operational discussion of the 
Decca System has been presented by representatives of the United 
Kingdom, It appears that the operational tests conducted in the 
vicinity of the British Isles have been highly successful and that 
Some progress has been made in resolving the lane identification 
problem inherent in this system. There seems to be no question as 
to the accuracy of this system once this problem has been resolved, 

21. We in the United States have corefully studied the appli- 
cation of this system to our needs and have met with some questions 
which should be mentioned for further thought by those members of 
this meeting who might be forced to consider these same questions 
due to a similar order of things in their home countries. We have 
long coast lines, bordering in most cases upon the open oce«ns. 
Ships arriving at ovir ports from other covintries and in many cases 
from port to port within the United States must enter our naviga- 
tion systems from fixes determined well out at sea. On the other 
hand the area where the Decca system has been used lies in the 
center of a series of shipping routes from Northern and North 
Western Europe. Ships entering the British radio navigational aid 
systems from these areas are able to do so from highly accurate 
departures on fixed visual aids. Much of our coastline and s\ir- 
rounding areas well out to sea are covered with fog for days at a 
time during certain seasons of the year. We cannot use a nedivun 
distance system that cannot be positively entered from a dead 
reckoning position well out at sea. Further, a critical examina- 
tion shows that a considerable number of medium range navigational 
systems is required to give complete coastal coverage. This is 
exemplified by the large number of Radio Beacons in use in the 
United States. Some of the critica.l requirements of the Decca 
systems are that the sjrstem must be in continuous operation - that 
is, it cannot be used on a time shared basis as is the case with 
radio beacons, and it cannot tolerate interference on the same 
frequency. In the case of Radlobeacons, many of these are placed 
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on the same frequency by making a careful choice of areas and 
radiated powers and even though some Interference might occasion- 
ally occur, It Is not fatal to the system as Is the case with 
Decca. For these reasons It appears that we In the United States 
must choose the somewhat less accurate Radiobeacon system to serve 
our medium distsuice aid requirements, well knowing that in doing 
so we are sacrificing the extremely high accuracy that might be 
obtained with the Recca system. 

Summary 

22. There are numerous other systems which might be discussed. 
However, other papers have completely covered these systems and I 
believe it is obvious to all of you why they have not been advoca- 
ted by the United States for world-wide use. We ere well aware 
that some of those aids have appeal for local use, where a particu- 
lar set of circumstances indicate their use. However, we do not 
believe that the advantages gained in such cases would outwei^ the 
advantage of having a standardized world system of Radio Aids to 
Navigation. 

23. It appears to me, from a purely operational and practical 
standpoint, that Providence has set a limit on the amoxint of over- 
all navigational usefulness which we can extract from any radio 
navigational aid system. In the end it is at best a compromise as 
to which choice we make. In the case of Loran we increase the 
amount of shipboard equipment to obtain additional accuracy, reli- 
ability and range, whereas in Consol we reduce the amount of ship- 
board equipment at a sacrifice of accxiracy and acceptance of the 
somewhat dangerous practice of using communication receivers, re- 
moved from the bridge of the ship and not under the direct control 
of navigating personnel. In the case of Decca we obtain high ec- . 
curacy at the expense of introducing lane identification, which 
again requires additional shore station equipment and shipboard 
components to resolve the difficulty. In the case of Radiobeacons 
We sacrifice some accuracy to gain a wide use of the system on 
long shore lines by means of shared time and frequency. I believe 
that this clearly indicates the way that we must proceed in the 
consideration of World Radio Aids to Navigation. We must at best 
reach a compromise. A'oove all we must bear in mind that should we 
fall to agree we will deny marine and air transportation an oppor- 
tunity to utilize the tremendous technical developments that have 
been made in this field. 


EARL G. ROSE 
BEAR ADMIRAL, USCG 
CHIEF, OFFICE OF OPERATIONS 
U. S. COAST GUARD 
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all over the world, no matter to what country a ship belongs or 
In ^at trade it is engaged. 

Last smnmer we Installed our first radar equipment, pui^- 
chased by the ship owners in the United Steamship Company service, 
in ships covering the route Esbjerg-Harwich regularly. This sum- 
mer we shall have iiO merchant ships voluntarily equipped by ship 
owners with radar installations. We are now operating a Loran 
Station in the Faeroe Islands and shall have four Decca stations 
working in Denmark by the close of 19li7* It is probably the first 
time in history that such eqiiipment has been installed on a purely 
mercantile basis. Locations of the stations are being determined 
at the present time, and it is proposed that they will cover an 
area over the eastern and southern part of the North Sea with con- 
nections with the United Kingdom chain, a distance along the west 
coast of Norway, Oslo Firth, Kattegat, and the Danish water pas- 
sages, as well as the Baltic Sea from Kiel Bay to Gotland. It is 
to be hoped this installation will be of great use in the important 
traffic between the North Sea and the Baltic Sea to Norway and the 
west coast of Sweden. This internationally crowded waterway offers 
landfall from the open sea through the coastal waters to the navi- 
gation of narrow waters and entrance into harbors, and the experi- 
ences gained here will probably have great significance in the 
future development of radio navigation. 

There are 35 radiobeacons in Denmaz^, either operated by or 
under the supervision of the Lighthouse Department, and we have 
established the point of view of considering Loran and Decca trans- 
mitting stations as a development of radiobeacons. It is there- 
fore the Danish Lighthouse Department which operates the Loran Sta- 
tion in the Faeroe Islands, and it is the Lighthouse Department 
that will be the Danish authority, in cooperation with the Danish 
Subsidiary of Decca, which will have supeivision of the operation 
of the transmitting stations. The Danish Hydrographic Department 
has a trained staff and machines for the computation and plotting 
of Decca position lines, and it is intended that the Danish hydro- 
graphic Department shall publish and sell maritime charts with the 
Decca lattice overprinted. 

Denmark, furthermore, has purchased throe transportable Decca 
transmitting stations for use in marine siirveys on the western side 
of Greenland. They are at present being tested in Denmark and will 
be transpoirted to Greenland about July 1 for installation on a 
trial basis. We expect to be able to begin the actual survey next 
summer (19U8). These stations are being established on lonely, 
uninhabited, rocky islands or desolate, rocky archipelagoes. All- 
inclusive supplies, even drinking water and accommodations, must be 
brought by the siurvey ship, so it will be understood that careful 
planning is required for this area alone. Everything must be prepared 


400 



In great detail, as for a polar esqjedltlon. The Danish Geodetic 
Institute, during the years between the two wars, worked a ^stem 
of trlangulatlon from about 60 degrees north latitude to about 75 
degrees north latitude, a distance covering inaccessible areas 
along the west coast but thereby laying the foundation for the 
marine surveyor. TWoen these svirveys were made no one was aware of 
Dscca's precision possibilities; hence the svirvey method, which at 
that time seemed entirely sufficient, probably does not equal the 
accuracy obtained with Decca, Hazy weather is very common in the 
Greenland waters. The surveying season is approximately but 3 
months long, during which time it is almost always light, day and 
night. Under these conditions, with no modem radio aid (only the 
old method of surveying), even with an up-to-date survey ship 
especially eqvdpped in 1935 for this purpose, we estimated it wotdd 
require approximately 100 years to get these tremendous areas sur- 
veyed so that echo soundings can be used and navigation of outly- 
ing islands can be undertaken. 

In 1938 I went to Greenland on this ship, and the summer 
passed with attempts to determine the location of the sujrvey ship 
by radio direction finding from shore-based transpojrtable radio 
direction finding stations. Instruments to take bearings with the 
desired accuracy were provided and deviation coxild be determined 
with accviracy by simultaneous visual and radio direction finder 
observations by the survey ship from the shore-based station, but 
the oeviation unfortunately appeared unstable, varying with the 
soil's conductivity. 

In 1939> on the only Danish rocky island, Borzholm, we tried 
to stabilize this deviation by placing a copper net with a large 
mesh as compensation under the station. Deviations then became 
much more stable, and we had great expectations of being able to 
carry the system through — to pioneer in this field of surveying. 

We hoped to be able to reduce the period of sxirvey to considerably 
less than 100 years; but then the war came, with the subsequent 
occupation of Denmark, and the development of radio aids progressed 
rapidly overseas. 

With Decca to determine locations during survey and Radar as 
sec\n*ity against collision with the many icebergs, we contemplate 
the possibility of a 2li-hour work-day by the survey ship under all 
weather conditions except storm periods and that the season pos- 
sibly can be extended even to some of the darker months I 

With these aids we hope to be able to reduce the period of 
survey to less than 20 years. 

Inspired by Mr. Jansky's lecture on the applications of marine 
radio to lake, river, and passage areas, which in many respects 
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resemble the Danish ivatenvays and the Baltic Sea, 1 have prepared 
this statement. The figures I have quoted here are toy oioi, but I 
believe they are correct. 

As a remark in passing, I should think that these areas might 
provide splendid expezimentcQ. ground, should the United States 
desire to gain experience mith regard to the application of the 
Decca ^stem on this side of the Nozih Atlantic. 

As far as experience ndth radar is concerned, 1 think that an^ 
discussion about the system's applicability for navigation is supei>- 
fluous. The question is only to produce radar of the highest 
standard, as simple in operation as possible, and with a minimum 
of care and maintenance requirements board ship so that radar 
will, as in the case of the gyrocompass and echo sounding, in a 
manner of speaking, take care of Itself. The technical maintenance 
and inspection can be left to shore-based technical personnel dur- 
ing the ship's stay in port. It is my hoj)e that the world soon 
will be covered ly service stations, and I will egress the optimis- 
tic thought that the manufacturers of radar, with regard to effi- 
ciency rather than to competition, will mutually share and thereliy 
make possible the increase in numbers of ports with skilled per- 
sonnel, affording shipping the necessary service in port for all 
radio navigational aids, including gyrocompass, echo sounding 
equipment, etc., so that reliability is increased and the desire 
of shipping con 5 >anies to purchase these aids is encouraged. It 
should be to the interest of the manufacturers themselves to 
further and coordinate such a port service. 

When the ccmpetlng oil companies can create such a coordinated 
service system for air as "INTAVA", the manufacturers of radio 
technical navigation aids should be able to create something sim- 
ilar. 


For me the questions as to whether a ship today should have 
radar are only: 

1. Are the manufacturers able to deliver for the growing 
demand? The shipping trade has money today and, since it 
is in Itself a foreign currency creating agency, the ship- 
ping trade has no great currency difficulties, even in 
countries with currency restrictions. 

2. Whether the owner of a ship should purchase radar is only 

a question as to whether his ship technically and econondc- 
all^ can carry the Installation. Shipping is business; 
therefore it is important to make use of the precious ship 
as intensively as possible, that is to say, to (Attain the 
greatest possible number of ton-miles per year. Here the 
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quick tum-about in port also is assisted by shipboard 
radar, shore-based radar, Dacca, etc. We are discussing 
at this meeting devices to assist us in achieving greatest 
efficiency in navigation on the shipping route. Every 
ship c vner has an average expense figure for the sea miles 
navigated by his ship. The sea miles traveled that good 
navigation equipment can save has, in ny opinion, been 
very much overlooked by the ship owiers throughout the 
years, though possibly confused by the effects of wind and 
weather. Against the background of the enormous sums of 
money irtiich are spent is the comparatively poor quality of 
the equipment aboard a ship, which is apparent as soon as 
one comes on the bridge. It has been striking throughout 
the years. I am convinced that the ship owners, during 
the period between the two wars, lost thousands of navi- 
gated sea miles by not installing a gyrocompass, which, 
every day at sea and especially in bad weather with the 
wind coming in from astern, will save several sea miles ty 
better steering, more certain calculations, and more eco- 
nomical use of the means of propulsion. I wish that the 
ship owners would be more alert after this war to increase 
their earning possibilities by the full use of the things 
we are discussing here. Let us go as far down as to ships 
from 2000 to 5000 tons, with a roughly estimated mile 
price of ip5.00, accoixiing to the type of ship, speed, etc. 
If radar can save an average of only 1 to 2 sea miles per 
day— ^nd that is probably a low estimate — it has, on a 
basis of 200 sailing days, paid for itself for a year. 

On the larger high-speed ships the period is much shorter — 
for the OUEEN ELIZABETH, probably only 2 daysj and for 
smaller ships it pays for itself in 2 to 5 years. There- 
fore, ship owner, by all means buy today] In a year or 
less you can afford to discard the set and bioy a better 
one if it can be obtained, and you will have gained experi- 
ence all the time. Certaiiily the time of arrival is a 
great economic factor in competition and a saving with the 
harbor facilities. 

Security against collision and running agrovind creates 
safety for human life at sea and security against opera- 
tional losses and upholds the shipping company's reputa- 
tion for safety. 

The greatly increased security should make it possible to 
decrease insurance premiums, even if the more intensive operation 
of the ships with the new aids will, perhaps, not decrease the 
risk as much as a more superficial view might tempt one to think. 

It has been said that the insurance companies may sometimes wish 
for damage wiien decreasing risk percentages force them to decrease 
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premiums. Lower premiums give a small turn-over for insurance 
companies, and that is always discouraging in their business. But 
I hope that insurance companies will not demand too many statis- 
tics before reducing premiums, for ships idth effective electronic 
navigation equipment can became a reality, I hope that the insu3>- 
ance ccnpanies, optimistically, by a rapid reduction of these 
premiums, will assist in furthering the installation of these 
instruments and, by that means, assist in promoting speed, safety, 
and economy in international transportation. 

For use in the coining discussion I should like to request 
that the following questions be put on the agenda so that we can 
get an e^qpression of opinion from the two countries with the great- 
est experience and authority in these fields, the United States 
and the United Kingdom, 

1, Is it conceivable that the competition in the future will 
produce radar of an inferior quality so that control is 
desirable in this field, or can we, as by gyro, echo sound- 
ing, etc., figure that this apparatus in Itself demands 
such a high standard that the manufacture of radar of 
inferior quality is not to be considered probable? There 
is, however, one thing by which the old aids differ from 
radar. Poor functioning of this older apparatus carries 
with it only increased risk for one's owi ship, while 
poor functioning of radar, in addition, carries with it 
risk for other ships. For exan^jle, a captain, who comes 
from a ship with good radar will, if he comes to a ship 
with poor radar, use this with the same confidence vmtil 
catastrophe strikes him and, eventually, others, 

I am of the opinion that the freedom as to purchase, 
sale, and installation, which now is prevalent, should be 
continued unless there are weighty reasons against it. 

Although my name annually is affixed to 10,000 Danish 
certificates for ships' lights and compasses, I suppose 
certificates may also be necessary for radar. 

Furthermore, perhaps in the future, when the time is 
ripe, it is conceivable that radar may be ordered by gov- 
ernments for ships of a certain size or a certain category, 
as is now the case with general ship radio transmitters 
and direction finders. But I am of the opinion that one 
should let development take its course until experience 
has shown conclusively that there is a basis for such cchd- 
pulsory measures. 
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2. Provided control is considered desirable, will the coun- 
tries which manufacture radar take upon themselves the 
eventual Issuance of a certificate or license so that 
governments and ship owners, through an order to permit 
only the installation of radar with a recognized certifi- 
cate or license, can protect themselves against the use 
of a poor radar set? Such an arrangement seems most 
expedient to me, since manyy countries for several years 
to come will not have technical organizations which can 
undertake to make such a certificate evaluation with author- 
ity. 

3. V«'ill it be desirable for the semdce personnel to have a 
special radar certificate? I say "No”. V«e should endeavor 
to make the apparatus so simple in its application on board 
ship that the use of the apparatus necessitates only lim- 
ited instruction during the initial assignment or replace- 
ment of the ship's officers so that it can be used by the 
generally trained (in the future, probably the more 
'electrically-trained") navigator without increasing the 
crew or taking similar measures. 

As mentioned previously, I consider it most expedient 
to leave the care and maintenance to the extensive port 
service ifrtiich it is to be hoped will be in existence before 
long. I think that personnel whose main task is general 
ship service, including radio service, by and large will 
do more damage than good if they attempt maintenance 
repairs beyond the simple replacement of vacuum tubes, 
fuses, etc. Such minor repairs probably will not call for 
much training. 

I shall close ny statement with some brief, practical radar 
experiences. Our first installation was, as mentioned, placed in 
the CROlWI PRINCE FREDERICK, which, together with the other boat 
seirving the Esbjerg-Harwich route, has radar and Decca aboard. 

With these instruments the route is considered much safer than 
before. The master makes the difficult entrance to the harbor at 
Esbjerg and brings his ship near the pier by use of radar. Along 
the low sandy coast the Danish Lighthouse Department at present is 
placing corner reflectors, constructed in Denmark, at six points 
on shore in the vicinity of Esbjerg Harbor and three on light buoys 
for further radar aid in sailing into this impoiiant trading port. 

Another of the United Steamship vessels sails every night dur- 
ing six days of the week at a speed of 18 knots between Copenhagen 
and Oslo. The Captain sails safely by his radar, guided through 
Oeresund's gentle, smiling waters, along the Swedish coast and 
through Oslo Firth's narrow, rock-strewn passage. The Captain 


T84078 0 -48 27 


405 



says that he would rather give up his gyrocompass or, possibly, his 
echo sounding device than be without his radar. Through a very 
narrow passage with unseen dangers he sails safely by his radar. 
Last winter when the route was covered by ice floes, the radar 
worked safely over the ice and picked up the mine-strewn route’s 
iron bupys, which only periodically emerged from the ice floes. 

'Ihe Captain was able to do this' safely without confusing the buoys 
with ice crevices which had formed in the ice floes and which also 
gave radar reflections. 

A Danish pilot who pilots from the Skaw to Copenhagen took, 
during our severe 3"inonths winter, approximate ]yiiO ships from the 
Skaw to Copenhagen without an icebreaker, and he says that his 
Liberty ship's radar made it possible for him to bring his ice 
convoys speedily and in relative safety through the mine-strewn 
routes. He is, as a matter of fact, a brother of a man well known 
to the Coast Guard, Captain Knud Hansen, viio over here during the 
war trained so many United States Coast Guard Cadets on the Danish 
Training Ship DENMARK. I received the report from Captain Hansen 
upon his return from his winter training trip to Seattle. 

A pilot can, therefore, immediately make full use of radar when 
he can get on board a ship with this equipment. 
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abstbact 

This paper, prophetic in nature, preeente a descriptive 
sunmary of some of the systeme and devices which, \diile not 
included among the systems covered by official Ibited States 
Policy, are in various stages of development In this country. 

These systems and devices are: IF Omni-directional Badio 
Bangs, Havaglobe, leleran, Lanac, BKE, and Badar Camera. 

The point is stressed that idiile we should standardize 
and use now what we have now, we must not be blind to never 
developments for possible future use. 



A fKBVI]CW OF SOMB IMITlilD STATES BAYI&AIIQNAL AID DJCTOLCgREMTS 


3?fltrgAu,<?.tan: 

1. Man's quest for ultimate perfection le relentless. That is 
wholesome. That is desirable. 

2. Progress is a going forward in the direction of ultimate per- 
fection. If there is one prerequisite for progress, that prere- 
quisite is openminded inquisitiveness. Let us be ever inquisitive 
about potential solutions to present problems. Let us ever be open- 
minded about those potential solutions, for I am sure we do not wish 
to return to the dark ages, not even to its shadows. 

3. In the field of marine radio aids to navigation, we all seek 
better systems better to serve the mariner. Ve seek systems which 
cost less to install and operate. We seek systems which are more 
accurate. We seek foolproof systems. Systems which are automatic, 
if you will. Systems \dilch require little or zxo training on the 
part of those who are to use them. Systems which possess the ut- 
most in reliability, and systems which require the barest minimum 
of radio frequency spectrum q>ace. Systems which lend themselves 
readily to standardization. 

4. 1 am sure that we here are together on these attitudes. 

6. We in the Ibited States recognize full well that some day the 
mariner will be given something better in the way of radio aids to 
navigation. In fact our Policy states that "An opeiUDinded attitude 
shall be maintained toward novel systems and devices which eventu- 
ally may develop to be 8i:q>erior to existing systems. This attitude, 
however, shall not be pemltted to retard the adoption of a world 
system based on systems already proved and in wide use over a large 
part of the world's wateirways. " 

6. The distinction in this policy as between adoption now of sys- 
tems already proved and the recognition that the future will bring 
stq>erior systems is sound. %e work of the world cannot await the 
ultimate system but must be done now with what we have now. 

7. Other ^eakers have discussed with you the adoption of a world 
system based on facilities already proved and in wide use. But let 
us not be blind to the future. It is my purpose here to give you 

a brief descriptive preview of some of the navigational aid develop- 
ments which continuing scientific and technical research in this 
country is unfolding. While these have been developed for aviation 
they have possible application for marine use. 
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8. The lov frequency omni-directional radio range doTsloped hy 
the ClTll Aeronautics Administration, the I&iited States govern- 
mental organization which operates air navigational aids over airw 
ways in this country, is a narrow band CW radial track system de- 
signed for use as a long-distance air navigational aid. A low:- 
powered station has been built and tested near Indianapolis, 

Indiana. Slight tests indicate good performance free from attitude 
or other similar effects within the service area and, using a full 
scale (left to right) course indication of 10 degrees, twice as 
sharp as that used on the VH7 omni-directional range. In principle, 
this range operates in a manner similar to the VHP omni-directional 
radio range now being Installed on the Federal Airways of the Uhl ted 
States and utilizes the same simple azimuth selector and left-right 
indicator, or the same automatic bearing indicator. 

9. A high-powered station is being installed at Nantucket Island, 
Massachusetts, for a service test of the system over both land and 
water. The antenna system at Nantucket Island consists of five 
300 foot, self-si^porting steel towers, one at each of the four 
corners of a square with one in the center. The corner radiators 
are spaced 600 feet on the diagonal. The opposite radiators will 
be excited in phase opposition and are referred to as a pair. 
Available equipment has limited the Nantucket Island station cen- 
ter tower power input to approximately 4 kilowatts on a frequency 
in the vicinity of 200 kilocycles. 

10. The azimuth from the station is determined by the measure- 
ment of the phase of the 30 cycle per second modulation. In order 
to measure the phase of the 30 cycle per second signal called the 
"variable phase signal", a "reference phase signal" is radiated in 
all directions at the same phase from the center antenna. This low 
frequency omni-directional range Is based on the principle of the 
measurement of the phase of a 30 cycle per second modulation and 
should not be confused with systems which measure the phase of 
radio frequency carriers. 

11. The pilot, without assistance, may use this navigational aid 
In two vayst 

(l) By rotating the azimuth selector until the in- 
dicating Instrument needle Is centered, the pilot 
has available a course to or from the range station. 
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(2) By centering the needle on two different onni- 
directional range stations, a fix may he plotted 
using the two bearings obtained. 

12. From the flight tests and theoretical considerations It 
pears that the low frequency omnl-directloned range may possess 
exceptionally good flight characteristics and, when operated at 
high power with adequately high antenna towers, presents a pos- 
sible solution to the long-range aircraft navigational problem, 

13. Whether this system will meet the needs of the surface navi- 
gator remains to be demonstrated. 

Navaglobe (Long-Banee System of Havi/^atlon over Oceans and 
Contln«ita) 

14. The Navaglobe radio navigational system, under development 
by the Federal Telecommunications Laboratories, (a unit of the 
International Telephone and Telegreqjh Corporation), as a long 
distance aviation aid, may also have its application as a marine 
aid. Work on the construction of an eiq>erlmental Navaglobe trans- 
mitting station and associated receiving and indicating equipment 
Is currently In progress. Indications are that the first e:q>erl- 
mental trlsds of the system may begin during tbs latter part of 
1947. At the present time, therefore, no experimental data on 
performance can be given. 

15. Navaglobe would use frequencies in the low frequency portion 
of the spectrum. Frequency stability In the transmitter and in 
the receiver Is said to permit the use of the extremely narrow 
radio frequency band width of twenty cycles per second. Trans- 
mitter power would be from 5 to 30 kilowatts depending vpon the 
latitude. 

16. The Navaglobe system is essentially a low frequency CW omni- 
directional range. The ground station makes use of three antennas 
disposed in an equilateral triajogle. Only two of these antennas 
are used at one time. Each pair produces a separate radiation 
pattern. 

17. The omnl-dlrectlonal range of Navaglobe operates by the ampli- 
tude comparison principle. Instead of using oi4y bhe equal-signal 
line, however, the range receiver is adapted to measure accurately 
the ratios of successive signals by a succession of three-coll 
ratio-meters. This renders It possible to identify radio paths for 
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aiqplltude ratios other than unity. Instead of comparing the 
em^litude of these signals, three successive signals are 
radiated plus an Initial synchronizing signal. The iidiole 
cycle takes place onca per sedond, 

18. Signals in the aircraft or ship are received by a very 
harrow band receiver equipment with a special three- coil azi- 
muth indicator. The narrow band receiver makes use of a 
shielded loop antenna. Advantage is taken of the loop directive 
pattern additionally to provide an automatic direction finder 
indication in the aircraft or ship. Both the azimuth meter in- 
dication provided according to the omni-directional range prin- 
ciple and the bearing indication provided by the automatic 
direction finder principle are fully automatic. 

19. The principles of a "fine" version of a Navaglobe type sys- 
tem have been worked out. It has been indicated that accuracy 
would be some six times better than that of the standard Navaglobe 
system discussed above. The "fine" system uses a different type 
ground station bat the mobile Installation would use the same 
receiver and indicator, plus some minor adapting equipment. The 
selector switch would allow readings to be made either on stemdard 
or on "fine" Navaglobe stations as desired or as available, 

20. While no eaqjerimenthl data on performance are available, the 
manufacturer states that numerous studies Indicate that the accu- 
racy of the system, when perfected, may be ejected to be one 
degree on the bearing of the receiver from the ground station. 

At a distance of 300 miles the lateral accuracy is stated to be 
5,1- miles and becomes progressively less until at 10 miles it is 
said to be in the order of 300 yards, 

Tflleran (TeleYlsiog aad Radar for Air Navigation ) 

21. Teleran derives its name from the combination of TELIM -sion 
and Badar for Air Navigation. The system is under development 
by Radio Corporation of America. While Teleran itself is not 
recommended by the manufacturer as a navigational aid for sur- 
face vessels, marine Interests may find very stimulating the use 
of television in the application of radar in that field. 

22. I^ssentially, this system esploys a grovtnd search radar which 
surveys the air ^ace of interest auid displays on a cathode ray 
tube the information thus received. This ground radar presenta- 
tion, superimposed on a map of the area if desired, is viewed by 
a television eajoera, and the combination picture is broadcast by 
a television transmitter. The picture is reproduced by a tele- 
vision receiver in the airplane. The pilot sees his plane as a 
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spot of light moving across the map. Other planes appear as 
different spots of light, each moving according to its actual 
course. 

23. In addition to transmitting precise radar Information to 
aircraft, television provides a means for transmitting other 
data, such as weather maps, ceiling and visibility data, and 
traffic instructions. Bather than being "instrumental* in 
nature, the received information is "pictorial". 

34. A simulated Teleran display has been installed at the 
laboratories of Hadlo Corporation of America. During the fall 
of 1947 flight tests are scheduled %HLth an airway ilteleron sta- 
tion, an airport surveillance station, and a landing system in 
the vicinity of Washington. A television display tube has been 
developed having sufficient intensity to permit the reception of 
pictures In full daylight, such as might be experienced in the 
coc^it of an aircraft flying above the overcast. The Teleran 
system with the azimuthal radar scan and the tran^onder re- 
sponse lends itself quite naturally to techniques of automatic 
flight and automatic landing. 

25. Teleran is considered as a future system. Additional work 
unquestionally reotains to be done. The program is, however, 
proceeding, 

Lanac (Laminar Navigation and Aati-Collision) 

26. Lanac — which stands for LAminar Navigation and Mtl-Colli- 
sion — is a navigation, anti- collision, traffic-control, end 
rescue system which proposes to use frequencies in the order of 
1000 Me, low power, pulse transmitters and receivers with associ- 
ated scope displays Intended to permit the setfe and expeditious 
movement of vessels and aircraft alike under all weather con- 
ditions. The range of the system is approximately 1 in e-of- eight. 
Developed and tested by the Hazeltlne Slectronlcs Corporation, 
Lanac is a commercial outgrowth of the Identification, Priend 

or Poe (IIT) systems used for the rapid identification of firlend- 
ly ships and planes during the war. As such it affords the auto- 
matic identification of all cooperating craft and beacons. 

27. In the major functions of the system, the challenger sends 
out a series of coded "challenge" pulses from a directional 
anteima to the replier at the distant target. There, if properly 
coded and transmitted on the proper radio frequency, the chal- 
lenge pulses succeed in "triggering" the replier, which then 
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automatically identifies itself "by transmitting a series of 
Morse-coded "reply” pulses in all directions. The challenger 
receiver picks up these replies and feeds them to a display 
console where the target's distance, direction, and identity 
are Instantly shown to the operator, 

28. In the anti-collision (and traffic control) service the 
signals from all repliers within range (except the exclusively 
navigational "beacons) appear on the scope at once. The challen- 
ger also can operate as a conventional low-power radar, thus 
affording collision protection when such obstacles as icebergs, 
floating hulks, fixed hazards, or other vessels without repliere 
are concerned. Harbor traffic control for busy fog-bound ports, 
is one marine service in which Lanac may prove e^ecially useful. 
Lanac equipment would enable ships in the open sea to exchange 
position reports automatically with passing vessels and trans- 
ocean aircraft. 

29. For rescue work, all Lanac ship and aircraft repliere are 
capable of transmitting distinctive signals that indicate dis- 
tress to other Lanac equipped craft and small, portable repliere— 
weighing less than SO pounds— may be used as rescue beacons on 
lifeboats or rafts. The distress signal has the same meaning as 

an. SOS, and is received by all ship, shore, and aircraft challenger- 
receivers within range. Distress operation is automatic, like all 
other replier functions. The rescue beacons enable searchers in 
ships or planes to "home" directly on a ^eck in the ocean that 
might not be seen by either radar or the naked eye except at close 
ranges. 

DMIC (Distance Measuring aouinment ) 

30. Distance Measuring Equipment (DMS) utilizes low-power, pulse 
transmitters, and receivers with associated meter displays to 
simplify the navigation of vessels and aircraft alike under all 
weather conditions. A commercial outgrowth of wartime IFF, this 
system provides the navigator with a continuous indication of his 
range from a self-identified beacon. The maximum range of this 
system is normally line-of- sight. 

31. The DMB system, operating in the vicinity of 1000 megacycles, 
consists of a radio transmitter-receiver, called the "challenger", 
installed in a ship or aircraft and a radio receiver-transmitter, 
called the "replier", installed on the shore or ground. The 
challenger Initiates the sequence of events by continuously trans- 
mitting a stream of coded radio frequency pulses in all directions 
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from its offiai~dlrectlo3ial autetma. The challenging signal is re- 
ceived by the IMB replier beacon and a decoder unit in the re- 
plier determines whether to accept the challenge. If the code 
of the challenging signal is the code for which the replier* s 
decoder is set, the replier accepts the challenge and transmits 
a reply. The reply is a stream of red.io freq^uency pulses which 
carry the beacon Identification letters in code. The reply is 
received by the challenger and provides information for the dis- 
play of the range and identity of the beacon on the challenger 
distance meter. 

32 . Some of the desirable features of the ME system are its 
almost completely automatic operation, continuous presentation 
of distance to the ground beacon, minimum interference from ex- 
traneous signals, and traffic handling c^ablllty. 

33. Interference from extraneous signals is minimized by multi- 
frequency operation and pulse coding. The challenge and the 
reply are on different frequencies, therefore neither reflected 
signals from the challenge ptilae, nor the challenge pulse itself 
can cause erroneous readings on the distance meter. Assignment 
of different frequencies to beacons in the same area will re- 
duce the poselbility of a reply from any but the desired beacon. 

34. fifty or more BmE challengers are able to obtain reliable 
signals from the same beacon. 

35. In operation, the IMB system requires the Installation of 
several replier beacons at h^bor entrances, channel entrances, 
smd at strategic points along the coast. Ultimately the system 
could be expanded to equip cookie tely the coast so that two 
beacons would always be within range. For harbor approach and 
navigation in restricted waters more numerous beacon locations 
afford highly accurate three-point fixes. 

36. BME repliers installed in weather ships stationed at speci- 
fied positions near the trans-ocean sea lanes would serve as 
convenient navigational aids when fixes usixig celestial observa- 
tions cannot be made. 

37. Biploying a band- or battery-operated replier emitting a 
characteristic emergency signal, the IKE system can be used in 
air- sea search emd rescue work. The hand-powered model may be 
used in guiding a ship or airplane to a lifeboat or aircraft 
can drop battery-powered sets in the vicinity of a liferaft. 
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38. The CKB system for air navlgatlou was operationally demon- 
strated at the conference of the Provisional International Civil 
Aviation Organization (PICAO) in October 1946, at Indlan^olis, 
Since that time production contracts have been let for the ini- 
tial procurement of 1000 megacycle fflOE beacons for airway 
installations. 

39. An Interesting accessory to radar is a camera which simul- 
taneously and automatically records radar images, range setting, 
time, an e:i 908 ure counter, and hand-written information on each 
picture. The radar scope is viewed simultaneously by the operator 
and the camera without interference. The images are recorded on 
standard 35 millimeter moving picture film and the operation of 
the camera is controlled by the scanning rate of the radar re- 
ceiver. Either PPI or sector scan Is recorded and the images 
obtained are sharper than those seen with the naked eye because 
only the instantaneous trace is recorded. 

40. The usefulness of radar may thus be extended by this per- 
manent record, and because the photographic image is sharp is 
automatically recorded, this camera is useful for radar charting 
of harbors and inland waterways; permanent recording of vessel 
relationships in congested waters during conditions of poor visi- 
bility which becomes useful evidence in the event of legal action; 
and recordiitg weather phenomena, 

41. The camera unit can be adapted to meet special requirements 
and can be installed on standard radar receivers. Perhaps the 
most useful installation is made on a repeater scope. By means 
of this insteillatlon, it is possible to record cos^ass heading, 
engine telegraph, revolutions per minute, whistle signals, and 
other data on the same photograph with the radar information. 

42. Badar charts for commercial airlines are now being prepared 
from photographs made with such cameras. Shipping organizations 
will undoubtedly find this camera a useful extension of their use 
of radar. During the course of this meeting, one of these cameras 
made by Pairchlld Camera and Instrument Company will be demons- 
trated. 

43. I have tried to give you a brief description of some of the 
systems and devices under develoxunant in this country which may 
have direct or indirect application in the marine service. Shoiild 
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you desire farther details on these and perh^s other potential 
systems and devices, you may wish to refer to those papers which 
will be made available but not read to you. 

44. With regard to frequency service allocations for the radio 
systems and devices mentioned above, It should be noted that, 
while we are not sponsoring these systems and devices now for 
marine use, the Ihlted States allocation proposals being presented 
to the International Telecommunications Conference this month do 
not preclude their adoption in the future, provided of course that 
only one system were to be standardized in the bands mentioned. 

Summary and Conclusion 

45. There are numerous other systems and devices vdiich have been 
conceived in this countiry and which are now in various stages of 
development. Time does not permit my describing them here. Un- 
doubtedly others, novel, unique, and radiced will come along in 
the future. 

46. To conclude, we must continue to forge ahead, work with the 
mariner, try to give him what he needs insofar as the radio art 
can fill his needs. 

47. But a word of caution. Let us not be too hasty in the adop- 

tion and standardization of new systems and devices. They should, 
in the finsil analysis, be tried, tested, and proved operationally 
by the mariner himself Thank you. 



B. M 



COl^iMISSlQUER 


COMMUNlCiTIONS COMMISSION 


416 



IMMRAN DOC. 35 

U.K.PAPER NO. 18 


INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON, CONN • • - APRIL 28- MAY 9. 1947 


A CSNTIilETRIC ROTATING BEACON 


SmiMARY: 

Some progress has been made in the development of a 
cenblraetric rotating beacon, which transmits bearing data during 
rotation of the aerial, and of the associated ship receiver, 
which displays the bearing information on a caliWted scale. 
Preliminary trials have given promising results, and trials with 
improved receiving apparatus are planned for April 1947# 

The beacon can also be used as a part of a distance 
measuring system, enabling meter display of both range and 
bearing to be obtained with comparatively simple shipbome 
equipment. 



A CENTIMETRIC ROTATING BEACON 


1. The desirability of the provision at suitable sites in the 
vicinity of dangers to navigation of an improved tyj>e of radio 
beacon, which would enable small craft with simple receiving 
apparatus to deteznnine a position line or position fix, was 
stressed at first IMRAjMN. 

Amongst desirable characteristics of such a beacon the 
following have been stressed:- 

(i) Reasonable accviracy to be obtainable with simple 
receiving apparatus* 

(11) Simple presentation of data, with minimum skill 
required for operation or interpretation* 

(ill) Freedom from site errors, 

(iv) High Intrinsic accuracy of data transmission so 
that a higher standard of accuracy is possible 
with a more complete receiver. 

Facilities of this type are provided by M/F rotating loop 
beeuions of the type installed at Orfordness, but as pointed out at 
first IMRAMN, the Medium Frequency Band of the spectrum does not 
give full scope for the development of short-range facilities of 
this type and frequencies above 100 mc/s are far more appropriate. 

At these frequencies the effect of reflections in producing 
siting errors is of great Importance, A raonostatic phase beacon 
has been developed in the 100 - 150 mc/s band which is in xise for 
civil aviation, but a beacon of this type would be unsxiltable for 
marine use in many Important water-ways — for example, in the 
Norwegian fjords. 

In order to obtain freedom from siting errors, it is con- 
sidered essential to use pulse technique, despite the fact that 
this involves somewhat less simple rocelvlng arrangements than are 
possible with a phase beacon system, 

2, During the past yeeu*, some progress has been made with the 
development of a beacon comprising a pulse modulated centimetric 
transmitter with a continuously rotating eierlal. Bearing data is 
transmitted as a variation in the pulse modulation. By the use of 
a centimetric froquency band for transmission, a narrow beam of 
energy is radiated with an aerial of moderate size capable of 
rotating at a speed of 60 r.p.m. A coding system has been 
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developed to enable a number of beacons to operate on the same 
frequency without mutual Interference. 

For reception of the beacon transmissions a crystal detector 
and pulse amplifier Is used, with decoding and meter circuits which 
convert the pulse signals, intermittently received when the re- 
ceiving aerial, is llliiminated by the transmitted beam, into a 
continuous Indication of bearing on a calibrated meter. The 
simplest type of receiving apparatus contains 8 valves, and weighs 
about 15 lbs. 

3. System of Modulation . 

The method used for transmitting bearing data is illustrated 
In Fig. 1, As the aerlad rotates two pulses are transmitted, and 
the time-intejryal between the pulses is varied during the rotation 
in proportion to the angular displacement of the aerial beam from 
North. A third pulse is radiated; the time interval between this 
pulse and the first is fixed, and exceeds the maxim\)m intearval 
between the first and second pulses by a time equal to the minimum 
spacing between these pulses. This is a calibration pulse; the 
inclusion of this pulse in the transmission obviates the necessity 
for including accvirate time or voltage stemdards in the receiving 
apparatios . 

The transmission of this group of three pulses, called 
respectively the North (N), Bearing (B) and Calibration (C) pulses, 
is repeated at a convenient pulse repetition frequency. 

In order to minimise the effects of oxtraneoxis interference, 
and to enable a number of beacons to be operated on the same radio 
frequency, each pulse is in practice a double pulse, of character- 
istic spacing between the two pulses. 

VsQ-ues which have been used during the experimental develop- 
ment as as follows ;- 

N pulse; 2 pulses each of width 2 microses. spacing 
4 microsecs. 

B pulse 2 similar pulses with spacing 6 raic^rosecs. 

C pulse 2 similar pulses with spacing 8 microsecs. 

Interval N - C 300 microsecs. 

N - B 60 microsecs at N, vsurying linearly with 
azimuth at a rate of 0.5 microsecs/ 
degrees to a maximum of 240 microsecs. 


419 



* PTilse group repetition rate — 500 per second, 

4, Experimental Beacon . 

The experimental beacon has been constructed from an existing 
transmitter and aerial system, with modulator and submodtdator 
designed to give the required modulation characteristics. The 
aerial is a parabolic cheese of 40 Inches horizontal aperture, 
giving a beam width of 8 degrees at the operating frequency of 
about 3300 mc/s. It is rotated at 60 r,p,m, and a DC voltage 
varying linearly with azimuth to an accuracy of 1 part in 1000, 
is generated by means of a potentiometer mounted in the pedestal. 

This voltage controls the N - B pulse interval and the accuracy of 
data transmission is of the same order, ^Ith this system there is 
no transmission at bearings between 359,5 and 0,5°, i,e. when the 
arm of the potentiometer passes from the end to the beginning of 
the winding. The transmitter gives an output of about 15 KV/ peak 
to the aerial which has a power gain of about 300X, For conven- 
ience during trials the equipment is mounted in a trailer, with 
the aerial protected by a perspex radome, 

5, Reception . 

5.1. Principle of Meter Indication . 

The principles adopted to convert the bearing data from received 
signals into pointer deflections is to generate in the receiver 
rectangular pulses of current of widths proportional to the time- 
intervals N - B and B - C N-E and N-C, The pointer deflection is 
then made proportional either to the ratio of the magnitudes of the 
N.B and BC pulses in one system or to the difference between the 
N-C and N-B pxilses in another. Neither method requires complex 
circuit arrangements, but much time has been spent in the study of 
alternative arrangements, with a view to the development of the 
most economical and the most accurate methods. The most economical 
method Is probably that using a peak voltmeter circuit; the most 
acciarate, one involving the use of a mlnature split-field, re- 
versible motor. In either case the meter circuits have long-period 
discharge time constants, so that a continuous Indication of bearing 
is given. On the other hand, a special circuit has been developed 
to enable the in^Jlcator to respond rapidly to changes in bearing, 

5.2, Automatic Gain Control . 

To ensure automatically that the receiver works only on signals 
received from the tip of the main lobe of the beam, on automatic 
gain control circuit is incorporated. This comes into operation 
when the number of pulse groups received exceeds three, and reduces 
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receiver sensitivity so that the number of groups received per 
second never exceeds seven, corresponding to a beam-width of ± 2-1/2 
degrees • 


5.3* De-coding . 

De-coding circuits have been developed so that the meter 
circuits are operated only by pulse groups having the assigned 
spacing between pulses, within narrow limits. By varying these 
spacing chsiracteristics, a larger number of beacon codes is made 
available, the desired code being selected by a switch on the 
receiver. The decoding circuits also give a high degree of 
protection against unwanted signals, and because they are designed 
to work on the leading edges of the received pulses, against the 
effect of reflected signals. 

6, Experimental Receiving Equipment . 

The receiver used for trials comprises an omnidirectional 
aerial - a stock of half-wave 2 elements with a power gain of 5, 
connected by means of a concentric feeder to a crystal detector. 

The video amplifier has five stages with an overall gain of lOOd.b, 
The decoder circuit has two valves, and one valve is used for 
automatic gain control. The peak voltmeter meter circuits use four 
valves . 

For convenience in experimenting with meter presentation cir- 
cuits of various types, the meter clrcxilts are in a separate unit, 
and the experimental receiver comprises two units, one 7" x 6" x 5", 
and the other 5” x 4” x 3”, with the actual meter as a separate item, 

7. Experimental Trials . 

Owing to the very limited effort available for this work 
pireliminary trials only have been carried out to date, with the 
beacon installed at Eastney Fort East, on a site with a number of 
buildings in the vicinity, and an aerial height of about 40-ft. 

Owing to the nattire of the site reception was possible only over an 
arc of about 180°. These preliminary trials indicated that the 
bearing accuracy was limited by characteristics of the indicator 
used, but that the maximum error observed was ± 2°,.. The maximum 
range at which the receiver was used during the trials was 14 
nautical miles, no attempt was made to determine the maxim\ira 
possible range. 'Changes in bearing of one degree could be observed. 
No effects due to reflection wore observed, although the buildings 
in the vicinity of the beacon gave strong reflections on many 
bearings . 
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These results were considered sixfficiently promising to 
Justify further development, and arrangements have been made to 
carry out more extensive trials with improved receiving equipment 
during April, 1947« 

8* Measurement of Range . 

A beacon of this type could be used as part of a system 
giving a position fix, by measurement of range as well as bearing. 
This extension of the system is illustrated in Fig 2, A low- 
power UHF interrogator is added to the ship equipment, and a 
UHF receiver to the beacon. In operation the C pulse is used to 
unlatch the ship interrogator, which operates at a PRF independent 
of that of the NBC pulse group. The interrogator pulses are 
received at the beacon, and used to trigger the beacon transmitter, 
which emits an "P" pulse group. This pulse group is received on 
the ship decoded, and vised to give display or range on a meter. 

It should be noted that a system of this kind has a high 
saturation level since the interrogator transmits only when the 
ship is illuminated 'ty the centimetric beam of radiation from the 
beacon. 

Preliminary trials of this system have been carried out, but 
the effort available is inadequate for further develojanent at 
present. 
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ABSTRACT 


This paper deacrlhes the Inportaace of a eonplete marine 
system of international telecommvmications for obtaining, exchanging, 
and disseminating messages concerning narigation and safety at sea. 
Attention is drawn to the widespread need for transmitting and re- 
ceiTing navigational data in relation to a variety of nantical 
operations. 

Certain undesirable aspects of the existing maritime radio 
situation are discussed and the need for constructive measures through 
international cooperation is stressed. The substantial progress 
already made in necessary world-wide standardization of aviation tele- 
eommunlcations facilities is observed and the advanteges to shipping 
in similarly resolving its international telecommunications problems 
are suggested. 

The maritime radio interests are urged to cooperate as an 
International group, Including the establishment of appropriate liai- 
son with aviation on problems of o<»imon interest, in a way to assure 
organized world-wide progress in efficient frequency spectrum utili- 
sation and technical standardization in accordance with the latest 
advances of science. 



THE SAFETY M ^ ASPECTS OT TELECOMMONI CATIONS 
iS. REFLECTED BY MARIME RADIO HAYIGAIIOEAL AIDS 


1. Most of the preceding papers hare drawn attention to some 
special prohleoi or system of marine radio aids to narigation. It is 
my purpose to discuss in a general way the principal components of a 
complete international telecommunication system for safety at sea, 
with some emphasis on the ralue of international coordination and 
standardisation in this field. 

3. Considering the international definition of the word "tele- 

communications”, as it appears in the Annex to the Madrid Convention 
I assume that a system of marine "telecommunications" includes radio 
aids to navigation as %rell as all necessary facilities for the ex- 
change of two-way communications and for the one-way transmission to 
ships of Information heneflcial to mariners. My discussion of this 
subject will be confined to the application of telecommunications to 
the needs of ships that are navigated on international voyages in 
the open sea. This is the marine service In which world^wids stands 
ardlzation, cooperation, and coordination are definitely desirable, 
if not necessary. 

3. In this field, radio, as one medium for transmitting telecom- 
munications, meets two fundamental needs, (l) a need for directly 
obtaining accurate navigational information, and (3) a need for the 
exchange and distribution of messages on navigation and safety matters. 

4. Let us consider who is it that needs Information on naviga^ 
tion, excluding the strictly commercial objectives. Included among 
them aret 

(l) the navigator of the individual vessel tdien he 
is concerned only with his own ship. He should 
know his geographic position at all times, and 
especially in time of dangerous or hazardous 
conditions or in the event of sudden and serious 
illness or bodily injury of persons on board. 

Also he should have information mors or less 
continuously on weather forecasts in his area 
of navigation as well as up-to-date reports on 
obstructions, including other vessels, that may 
lie in the possible course of his ship, and 
accurate information on the state of all estab- 
lished navigational aids not in normal working 
condition and upon which he is likely to rely. 
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( 2 ) The navigator of the individual vessel when he 
is eoneerned with proceeding to the assistance 
of another ship or sui^ival craft. In addition 
to a knowledge of his own position* he must 
know the position of the ship or craft in need 
of assistanoe. Weather data at such times also 
is important. 

(3) The navigator of the individual vessel idien he 
is confronted with a situation which may coapell 
him to call for assistance from other vessels. 

This is indeed vital when it becomes imperative 
to launch lifeboats and abandon ship. He shotild 
have fairly accurate knowledge at such times of 
those ships tdiich are in a position to come to 
his edd, as well as information on their course, 
actual speed and available rate of speed. 

(4) Coastal radio stations, in order to most effeo* 
tively contact individual ships for whom they 
have messages, involving safety or rescuf at 
sea, should know the location of the respective 
ships. 

(5) Sesurch and Rescue agencies, both shore-based 
and ocean station vessels, should be informed of 
the approximate location, course and speed of 
individual ships at sea in order that the most 
efficient action can be taken in time of emer- 
gency to provide coordinated assistance to a 
distressed ship or to survival craft from 
either a surface vessel or an aircraft. 

( 6 ) Agencies of the various national governments 
which collect and disseminate marine and avia- 
tion Bieteorologieal data, should, insofar as 
practicable, regularly receive meteorological 
reports from ships at sea. Such reports, ob- 
viously, must include the location of the 
reporting vessel. 

It is observed, therefore, that the need for navigational informa- 
tion is not necessarily confined to the individual msuriner, but is 
rather widespread and is distinctly related to a variety of nautical 
operations. 

5 . The use of navigational data to determine the location and to 

plot the course of an individual ship, when such location and course 
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are not inparted to other ehlpa or to agenolet ashore* is unques- 
tionahly inqportant. It is also important, howerer, to transmit such 
information, frequently in association with other information, con- 
cerning safety of life or property, to other ships, to points on 
land, and possibly to owerseas aircraft. Hence, in considering radio 
as an add in the norement of shipping, cognisance must be taken of 
the strictly communication aspect of marine telecommunications, in 
addition to the separate radio facilities intended solely for posi- 
tion determination. 

6. Thi's meeting has been concerned mainly with radio apparatus 
for ressel position-finding and for the continuous disclosure of ob- 
jects within the imediate area of narigation of Tessels. While 
some discussion of related communication facilities has occurred 
here, the latter subject has reeeiTed the lesser attention. We can- 
not emphasise too strongly the oreivall safety system of marine 
telecommunications, including ship-to-ship, ship-to- shore, and point 
to point communication in connection with the actual position-finding 
and position indicating devices idiich have been so well described 
here. 

7. We can more readily understand the desirability for intema- 
tioneil negotiation to achieve proper integration and coordination of 
a world-wide marine telecommunications system if we consider that 
navigation aids remain of limited value without a dependable means 

of disseminating related information. We must rely upon internation- 
al negotiation not only to maintain the adequacy of today's system 
but also to insure that marine telecommunications systems of the 
wohld will fully reflect and make available to all maritime interests 
the advances of science in both cosmunications and navigation aids. 

8. We have heard a great deal about the numerous valuable and 
modem radio devices for aiding the navigation of ships and we ei^ect 
to see some of them in (deration during the next few days. There is 
a general feeling that we have technically forged ahead in a phenom- 
enal way under a wartime urge and that now we have at our command 
the unexcelled means to assure the safest possible navigation of 
ships and the speedy location of distressed vessels even during 
restricted visibility. It may sqppear that from now on we need merely 
to solve the economic problem of manufacturing and st:q>plying the 
appropriate devices to the ships and installing other necessary 
equipment at fixed points. Perheps such an outlook is not altogether 
realistic. Let us consider briefly some of the undesirable aspects 
of the present situation and idiat diffiexdtles may develop if certain 
aggressive action is not taken by those responsible for the interns^ 
tional regulation of marine telecommunication services and systems. 
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9. Va know that the radio frequenciea for radio aide to marine 
naTigation mast he formally designated and protected from interfer- 
ence on a worldr»vide international haeis* At an earlier session. 
Commissioner Jett, one of the members of our radio regulatory body 
in this country, explained the close relationship between the 
successful international use of the Tarious radio aids and the 
needed world-wide recognition by the forthcoming International lele- 
commonications Conference of adequate and specific bands of fre- 
quencies to accommodate these aids. If the maritime interests are 
to secure their required spectrum space on a world-wide basis, they 
must decide which of the available aids can be standardised, what 
the standard frequency band requirements will be, and establish 
their order of preference in the event spectrum space cannot be pro- 
vided for all of the desired devices and systems* It appears that 
those navigational aids which can serve both aviation and shipping 
have the better x> 08 sibility of international endorsement, from the 
points of view of spectrum space economy, production cost of appara- 
tus, and smallest operational expense to the administrations idio 
will provide, operate, and maintain the necessary shore-based 
facilities. 

10. Although the existing telecommunication treaty provides cer- 
tain bands of frequencies for marine radio beacons and shore-based 
direction-finding services, it does not specifically recognise or 
give primary protection from interference on any frequencies above 
3000 kilocycles for either marine navigational aids or marine com- 
munications. In fact there is as yet no world-wide international 
allocation of the spectrum above 200,000 kilocycles idiere many of 
the recently-developed and very valuable navigational adds operate. 

11, There are no standardised marine communication frequency 
bands between 1500 and 30000 kilocycles; neither are there sufficient 
operating regulations to govern the handling of distress, safety, 
and navigational messages in these charact eristic long-distance 
bands, Ve are concerned here with both the telegraph and the tele- 
phone services. In this regard, there is need for Interconmnnioa- 
tion with the aeronautical service in emergencies involving air- 
craft at sea. A common distress and emergency "Of frequency in this 
band should be agreed iqpon for aircraft, ships and survival craft, 

12, There are no specific and standaurdised marine frequency bands 
and prescribed frequency stabilities for the very hig^ and ultra high 
portion of the spectrum above 30000 kilocycles; also there is need 
here for standardisation on the type of emission for telephony and 
modulated telegraphy* Shall we use, internationally, frequency modu- 
lation or aaplltude modulationT Further, we have as yet no agreed 
international radio operating procedure, including a *(1* code or the 
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equivalent, to aasure the moat efficient use of these frequencies for 
short-di stance coaunmication in connection with position-finding and 
position-indicating devices, as well as for shore-controlled movement 
of vessels in dense traffic. 

13, While the existing International Badio fiegulations provide 
that the use of emergency installations in the maritime service must 
comply with those Begulations, there is no designation of a standard 
high frequency or frequencies to he employed for the transmission of 
distress messages from survival craft at sea. Under the provisions 
of the Safety of Life at Sea Convention, the radiotelegrsq>h Installar 
tlon of a coHipulaorlly equipped lifeboat need only comply with the 
individual requirements of the responsible national Administration. 

14, The existing International Radio Regulations might well be re- 
viewed with the object of clarifying their provisions relative to 

the use of a radsc:* transmitter on shipboard for navigational purposes 
with or without the operational services of a licensed radiotelegraph 
operator. 

15, The permissive use of damped waves by ship stations and the 
relatively wide frequency tolerances for other types of waves used 
by ship stations should be reconsidered in reference to the present 
state of the art. This practice is not conducive to efficient use 
of the spectrum space available to the maritime service and can 'well 
be criticized by those who may not have sympathy for the spectrum 
needs of this service. 

16, Unless these questions are resolved and a unified interna* 
tional position is established by the maritime groups at the forth- 
coming Radio Administrative Conference, many international problems 
and attendant negotiations inyolving Interference and confusion in 
the future use of marine navigational aids will probably result. It 
would be regretable Indeed not to take full advantage of this timely 
opportunity to materially improve the safety of world-wide shipping. 
While a commendable degree of progress already has been made through 
several preliminary International discussions, the final solution 
has not yet been achieved. Those of us in the United States who are 
concerned with this work have given very eeureful thought to the com- 
plex international problems Involved and we are prepared to state 
our views in considerable detail. In regard to the spectrum space 
believed necessary for all of the services of marine telecommunicar* 
tlons, the formal proposals of the United States submitted for con- 
sideration at the Atlantic City conference speak for themselves. 

17, Many factors involved in the standardized operation of inter- 
nationally useftil radio aids to swrine navigation are not, in all 
probability, subjects upon which agreement can beat be reached 
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tkrou^ a general telecommonlcatlons conference. I have reference, 
for instance, to those radio operational details and procedures that 
concern and affect the maritime serrlces exclusirely and hare no 
relation to other radio services. These are related to and infltb- 
enced by the characteristic operational problems of international 
shipping. For instance, there seems to be no world-wide understand- 
ing as yet on the services which the shipmasters and the operational 
shipping authorities might reasonably expect to receive from the use 
of marine radio facilities ashore and afloat that serve international 
maritime routes. There may be merit to the adoption of Standard 
Practices and Recommended Procedures for the Marine Radio Service, 
which would be of no special interest to any other telecommunications 
service, and ^ich should be susceptible to pronpt modification as 
circumstances dictate. Such international progress in this field 
can best be attained by full operational-technical discussion and 
debate, in which operators, technical developers, and administrators 
alike fully participate. A step in this direction seems to have 
been taken when the United Maritime Consultative Council, at its 
second end final session in October of last year, adopted certain 
recommendations idiich since have been transmitted formally to the 
Secretary Oeneral of the United Mations. Until the maritime interests 
have agreed on truly international objectives, world-wide intemai- 
tional progress in marine radio may be handicapped by troublesome 
differences in national and regional facilities, prtustices, procedures 
and degree of enforcement. 

18. The development and the actual installation of efficient and 
modem radio apparatus to fsicilitate navigation and communication 
obviously does not complete the series of events which will assure 
the desired advantages to mariners. The equipment must actually be 
used and used properly, whenever it is appropriate to do so, and it 
must be kept in good operating condition to encourage its use. We 
must think and act in terms of preventing distress at sea, in addi- 
tion to the traditional emphasis on search and rescue measures. The 
failure of one vessel to determine or make known its position or to 
report local meteorological data may endanger not only Itself but 
other vessels as well. When ships are endangered, life and property 
are endangered. Ship radio operators are compelled by existing 
international regulations to stand a watch for signals of distress 
which may be transmitted because of failure to use or properly use 
an available navigation aid. Although the sijpreme authority of the 
shipmaster at sea is acknowledged, it may be appropriate that there 
be some international agreement established to cover the element of 
mandatory use of radio aids to marine navigation. 

19. It is entirely possible that a single defective electron 
tube, the faulty adjustment or Incorrect use of a single position- 
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finding device or automatic-elarm receiver, or failure to keep emer- 
genc/ 1)atterie8 properly charged ®ay reeult in a eerloua maritime 
dieaeter. Thie leads to the opinion that adequate maintenance and 
thorough methods of inspection and enforcement of regulations are 
indispensible if real Improvement and effectiveness in marine navigar* 
tion is to he achieved through the world-wide use of radio. Perhaps 
more positive international regulation covering inspection and en- 
forcement is needed. With this thought in mind, the various national 
methods of Inspection and enforcement with respect to ship radio 
installations for safety purposes should, as a progressive measure, 
he examined and strengthened Internationally wherever remedial action 
is Indicated. 

30. One of the present ship radio requirements of the Safety at 
Sea Convention which seems to hear special investigation with a view 
to poeeihle future modification is contained in Article 47 of Chapter 
V - entitled "Safety of Havigation." This Article provides that 
"every passenger ship of 5000 tons gross tonnage and upwards shall he 
provided with an approved dlrectioi^finding apparatus (radio compass)", 
Note that this applies only to the larger passenger ships. Aside 
from the radio facilities required for raidiotelegraph coamiunieation, 
there are no other radio aids to navigation made mandatory for ships 
hy this Convention. While such modem positionp-finding devices as 
lorem and radar also are valuable for enhancing safety of navigation 
at sea, the governing factor at this time which determines whether 
they will he utilised or not is likely to he the purely economic 
point of view. Since it is reported in some quarters that these and 
similar devices will pay for themselves when used on hoard commercial 
vessels for a stated period of tima, we may expect to see a large 
number of voluntary installations in the future. Whether or not 

such voluntarily installed apparatus intended for use in navigation 
should he subject to government inspection and regulation or should 
he made compulsory is a pertinent question for future consideration, 
hearing in mind that government inspection and regulation, idien 
available, is really a form of international insurance. 

31. The msorltime telecommunications service can evaluate its pro- 
gress to date in the development and use of radio as an aid to navi- 
gation hy observation of the progress in this field made hy interna- 
tional civil aviation. 

33. The modem commercial aircraft navigated on intercontinental 
and overseas routes is clearly dependent upon radio for its successful 
operation. International -standardisation in the use of radio in this 
service for both navigation and communication is iiqoerative. Trans- 
port aircraft are now flying on world-wide routes. Should one system 
of communications and navigational aids he used in the United States, 
another in lUrope, and still others elsetdiere, it could he necessary 


432 



for these aircraft to tow a glider to carry all of the telecooimunicar* 
tions equipment required for safe worldwide operation. This situation 
has been appreciated by airmen and has resulted in the formation of 
the International Ciwil Ariation Organization, which is to be brought 
into relationship with the United Nations. The Coamunications Divi- 
sion of this organization, subject to endorsement by the Council, is 
prescribing the basic practices and procedures of aviation telecom- 
munications for world-wide use. Its regional meetings have prescribed 
the detailed practices and procedures as appropriate to the particular 
regions. In addition, the Special Radio Technical Division of that 
organization within the past two years has sponsored demonstrations 
of radio aids to navigation in London, England; Indianapolis, U.S.A. ; 
and Montreal, Canada. Afterwards it considered what aids should be 
adopted for the benefit of airmen at this time, what aids should be 
investigated end developed to meet problems contemplated for the 
future, and recommended action in this regard by member states to pre- 
pare for the Atlantic City Telecommunications Conference, The rela- 
tion with the shipping interests in connection with distress, search 
and rescue, and the procurement of meteorological data have been 
studied and correlated with the objectives of aviation. The scope of 
combined aviation-maritime interest in these affairs has been re- 
corded, The foremost experts of many countries have been active in 
all of these deliberations. 

33. In consequence of such developments, it must be conceded that 
commercial aviation is well on its way to completing the construction 
of its necessarily modeim International house to accommodate its 
radio aids to air navigation. On the other hand, it appears that com- 
mercial shipping, which has not been impelled by circumstemces to 
build so rapidly, has not yet completed, for comparable purposes, the 
ground floor of its own modem international house. Nevertheless, 
the foundation for such a house has been laid in the occurrence of 
the It4MRAN meeting in the United Kingdom in Hay, 1946 and by this 
meeting in the United States. I believe I may state that shipping 
will find considerable useful material and appropriate plans for 
building this house if it looks to the International Telecommunica- 
tions Treaty, the Safety of Life at Sea Convention, and the Interna- 
tional Civil Aviation Organization. Perhaps I am too optimistic but 
it would be a happy event if these two houses could be located on the 
same street and adjacent to each other, so that their occupants could 
become good neighbors and have fireside talks about their common 
interests. 

34. In the very nesu* future, the maritime telecommunications ser- 
vices will be confronted by an unusual opportunity and a serious 
challenge. I refer to the Radio Administrative Conference which will 
convene on May 15th at Atlantic City, An opportunity will exist to 
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better organize world-wide maritime freauency allocations predicated 
on the use of the beet arailable technical fsujilitiee, and to modern- 
ize the international radio operating regulations governing ship and 
coast stations and the use of radio aide to navigation. A challenge 
to the frequency spectrum space desired by the maritime mobile ser- 
vice may be expected from some of the other principal services of 
world-wide scope. To take full advantage of this opportunity and to 
assure maximum protection to the radio facilities needed for safety 
at sea, the telecommunications representatives of the maritime nations 
should endeavor to overcome at Atlantic City any international differ- 
ences in order to form a united front and together present a compre- 
hensive and coordinated plan embracing the frequency spectrum space 
necessary to the reasonable and efficient operation of International 
marine telecommunications. In other words, the world shipping 
interests should realize that, as a maritime radio group, all of them 
are in the same lifeboat. 


W. N. KlfflBS 

ASSISTANT CHIEF MCINESR 
FOR SAFETY AND SPECIAL SERVICES 
FEDERAL COMMUNICATIONS COMMISSION 
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STANDARDIZATION OF SHtP-6H0R£ TELEPHONE COMMUNICATIONS 
AT THE ENTRANCE OF HARBORS 


Introduction 


1. The radio aids to piarine navigation which have been stud- 
ied until now relate especially to ocean, land-fall, and coastal 
navigation. The present proposal refers to the entrance of ships 
in the harbors and their berthing. 

2. It appears desirable that, when a ship approaches her port 
of destination, she should get facilities for exchanging informa- 
tion with the port authorities in order to give notice of the time 
of berthing, to make known her cargo, to ask which berth is avail- 
able for her, etc. These conimunications would greatly be facili- 
tated if, in all the ports of the world and for all ships, they 
were performed on one, or preferably two, standardized frequencies, 
as in the case of distress calls. This would simplify the installa- 
tion on board ships and ashore. A permanent watch would be kept on 
these frequencies* 

3. It is understood that the United Kingdom, at the forthcoming 
conference at Atlantic City, will propose to allocate a band of 
156-166 Uc/s to short range ship-shore communications. IMURAN Doc- 
ument 7 of the U.-S. Delegation at the present meeting, "Frequency 
Bands and Their Utilization for Marine Radio Aids to Navigation", 
proposes that the 156.81 Mc/s frequency be reserved for information 
and instructions to be given to mariners by shore-based radar Cita- 
tions. 

Proposal 

li. In the same way two frequencies, with a difference of 5 Mc/s 
(in order to make easier the adoption of a stabilizing device which 
would be common to the transmitter and receiver on board), could 
be allocated in this band for such information; the lower one, for 
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calls from the shipi the higher, for answer from the shore station. 
Characteristics of Equipments 

5 . The power of shore and ship transmitters could be limited 
in order to avoid interference. Type of modulation (amplitude, 
frequency, or phase) could be chosen according to an international 
agreement j in the last two cases the maximum swing (in frequency 
or phase) should be fixed. Secondary characteristics, such as a 
code of call signals, could be recommended in order to make con- 
tinuous watch easier. 

Conclusions 

6. We therefore propose 

(1) that this meeting should issue the following reccanmenda- 
tion to be submitted to the Atlantic City Conference: 

in the band 156-166 Mc/s, two frequencies, separated by 
5 Mc/s, should be allocated for the exchange of informa- 
tion between ships and harbor authorities; 

(2) that a meeting in the near future shoitLd fix the speci- 
fications to which the equipment would have to comply. 
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4* In considering position fixing systems, we have assumed 

that Decca is a firm marine requirement as a pilotage and coastal 
aid; and that Consol, althou^ not a firm marine requirement, ml^t 
be an air requirement and ml^t be of considerable value to the 
mariner who should ensure that due weight is given to the possibil- 
ities of marine use of this system when stations are erected for 
air purposes, 

5, We have not attempted - in fact it would not be possible 
on a small-scale chart - to show the areas in which pilotage, 
coastal anJ ocean aid could be provided. The circles on the chart 
indicate the areas in which the facilities offered by the systems 
can reasonably be used to ,their greatest advantage either day 
or by night. It is realised that the accuracy requirements of the 
mariner cannot be fully met in all peurts of the areas shown, e.g, 
coastal requirements will not be met throu^out the Decca circles. 
For Decca a circle of radius 240 nautical miles from the centre of 
the chain has been used; this is the range that is accepted by the 
United Kingdom for the English chain. The area need not of course 
be circular but msy be elliptical if that suits a particular area 
better. In the case of Consol, a circle of 1000 miles radius from 
the station has been taken. The probable desired orientation on 
account of the air interest has also been considered though, of 
course, close co-ordination between air and sea will in practice 
be required, 

6, The following notes on certain aureas help to explain the 
chart, 

a. North Sea, Norwegian Coast, British Isles, English 
Channel* Biscay and Gibraltar Approach 

Althoxigh all these areas do not strictly cone within 
the definition of "coastal waters", it is con- 
sidered that an aid suitable for coastal use is 
a requirement out to the 100 fathom line. In 
fact there are so many large sea ports, so 
many narrow channels, estuaries and submerged 
dangers that in a large portion of these areas 
"pilotage" accuracy may be desirable. It is 
of course appreciated that in the outer ap- 
proaches coastal accuracy will not in fact be 
achieved, but a large measure of assistance 
will be provided. 
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b« Eastern Seaboard of North America 


The arguments under a, above equally apply 
although areas where pilotage accuracy Is 
desirable are relatively limited. Several 
Decca chains are shown in the plan^ to pro** 
vide the desired assistance, 

c. North Atlantic 

Between a, and b, above no fixed damgers 
exist, but there is a considerable volume 
of shipping. The ocean passage is ade- 
quately covered in the plan by Consol stations 
In Iceland, Newfoundland, Bermuda, Azores, 
Spain and Ireland, with oossible additions in 
France and U.S.A, 

d. Equatorial Atlantic 

This area is mainly an ocean route from North 
to South and an air route fton East to West, 

It can be partially covered by Consol though 
two Decca chains in West Africa mi^t be con- 
sidered desirable, 

e. Western South Atlantic 

The Plate estuary is a good example of a 
Decca requirement and to a lesser extent so 
is Rio de Janeiro, Consol stations at Rio, 
Natal and Monte Video would provide good 
coverage over the ocean whilst em additional 
station on the Falkland Islands would give 
great assistance in the Horn area. The 
^gellan Straits seem to call for Decca but a 
chain has not been Included on account of the 
economic factor. It appears that radar will 
have to meet reqriirements in this area, 

f . Cape of Good Hope 

This area is not beset with shallow water but 
is a region of fog, strong and variable cur- 
rents and violent weather conditions. Two 
Decca chains in the Union, possibly elliptical 
in shape, would give adequate coverage. Backed 
up by two Consol stations and a third at 
Lorenco Marques the Cape storms would lose 
much of its meance to mariners. 
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g* Indian Ocean 

The economic factor is especially difficult in 
this large area of diverse routes. We have 
shewn Decca facilities at Bombay, Calcutta, 
Singapore, and in Ceylon and the Perim Straits; 
the remaining areas being largely coveivd in 
the plan by Consol* 

h« Australia 

Cape Leetmin has a reputation much like that 
of the Cape of Good Hope and a Decca chain 
has therefore been sited in its vicinity* 

Chains at Adelaide, Melbourne and Sydney 
give complete cover round the south eastern 
corner. Two Consol stations in VJestern and 
two in Eastern AustreLlia give good ocean 
assistance when approaching the continent* 

It would probably be uneconomic to cover the 
Great Barrier Reef in view of tlie smali 
amount of ehippirg opaerating in that area* 

i. Pacific 

In this vast ocean area again the economic 
factors are especially difficult. Only a 
few of the more important areas have been 
considered in oilier to give a general indica- 
tion of the circles of coverage which might 
be obtained from Consol and Decca. 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 
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MACHINERY F(B THE CQ~OPIiINATIUN OF AIR ATH) 


MARINE P.ADIO 


m 


1* The first I.MJ*,A,M»N. agreed that “whenever possible 

and expedient radio aids to navigation should be used in common 
for civilian aviation and shipping, and that organisational 
machinery would be required to plan for and achieve this end“. 

In the U,K« a Committee of representatives of air and marine 
Departments has been set up to consider and co-ordinate problems 
concerning radio navigational aids which affect both air and 
marine interests. 

2. One of its most important fmctlons is to co-ordinate 

U.K. air and marine policies on radio aide to navigation prior 
to International meetings on either the air or the marine side. 

In this way U.K. delegates to international air or marine meetings 
will be fhlly aware of the impact of their policies on U.K. marine 
or air interests, respectively, and will be able to take this into 
consideration in their deliberation, 

3# The Committee has also considered such problems as the 

possibility of combined air and marine use of Gee, integration of 
air and marine M.F. radio beacons, and the prevision of charts for 
use wilh either air or marine radio navigational aids. 

4. The work of the Committee has shewn the Importance of the 

general problem of co-ordination of air and marine interests in the 
field of radio navigational aids, on both a national and an inter- 
national basis. Hitherto international discussions ly the air or 
marine sides have not taken full account of the Interests of the 
other, and the need for co-ordination of the activities and 
policies of the two sides has become increasingly q)parent. Co- 
ordination rai^t be achieved by representatives of air and marine 
international organisations attending each other’s meetings, or 
by special joint international meetings to co-ordinate the two 


441 



sides* An alternative nsethod is to co-ordinate air and marine 
interests in each country as a domestic matter prior to inter- 
national meetings on either the air or marine side^ so that dele- 
gates to any international meeting could speak with both intsrests 
in mind. The U*K. is strongly of the opinion that this latter 
course would be more effective end more economical > and suggests 
that all countries should approach the problem from this point of 
view* 

5* This U*K« view was presented to P.I.C.A.O* in Montreal 

in November 19^6 in an Address by Mr. W» Garter* 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 
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CHARTS FC£ POSITION FmNG SYSTELE 


1« Hitherto charts have been drawn to provide the mariner 

with a basic document on vrtiich to plot his position relative to 
objects within the visible horizon or astronomical position lines 
(celestial navigation), in addition to plotting the course for his 
passage. With the evolution of radio navigation it hoe become 
necessary for the mariner to position himself relative to beacons 
hundreds or even thousands of miles beyond the visible horizon. 

2. This requirement will introduce problems of an exacting 
nature in the national and international co-ordination and standard- 
isation of geodetic data (such as plumb line error and figure of the 
earth) to enable the intrinsic accuracy of radio navigation to be 
fully utilised over the seas of the world. For example, it has 
been found that the primary triangulations of nei^bouring countries 
(or even of different parts of the same country) are not always 
correlated. 

3. These problems will probably be discussed at the Inter- 
national Hydrographic Bureau Meeting which is taking place at the 
present time - April 19A7, Meanwhile, it is suggested that the dif- 
ficulties should be borne in mind when details of charts for in- 
dividual systems are discussed, 

Smbglfi 

4. Y<lth the multiplicity of various radio beacons now exist- 
ing, there is a requirement for national and international agreement 
on symbols and terminology to be used. A provisional list (by no 
means exhaustive) was put forward at first InatAM. (See vol. II of 
Report, p. 147) 

5. With the introduction of the Bushmills Consol Station on 
an operational basis, a number of experimental Consol maps for use 
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with both Stavanger and Bushmills have been produced for trials, A 
selected ntunber of these maps have been distributed to ships for the 
purpose of operational research into the marine use of Consol, 

These results are set out in detail in the U.K* paper on Consol 
(S,5.i). It has been suggested that since Consol is primarily an 
ocean aid permitting time for plotting and interpolation that tables 
may be a more economical emd convenient form of presenting Consol 
information than special charts. They would enable a Navigator to 
plot his Consol position llne(E) on any navigational chart in use. 
Special charts might be necessary in landfall areas where a direct 
interpretation is desirable. This question is still under consider- 
ation and trials are continuing, 

6, With the introduction of this system for general marine use 

up to 240 nautical miles fVom London the Admiralty have put in hand a 
chart production programme involving the latticing of some 65 charts 
around the English Coast, including the Channel and southern North 
Sea. A list of charts issued up to the 1st April, 1947, with those 
awaiting completion, is attached as an Appendix, These charts may 
be obtained from agents for the sale of Admiralty charts in the 
United Kingdom and details of their publication are given in Admiralty 
Notice to Mariners, These charts, being intended purely for the in- 
terpretation of the Decca system, are not corrected up to date for 
Notice to Mariners and though nonnally based upon an existing navi- 
gational chart should be coieidered complementary and not superseding 
the navigational chart coirected for Notice to Mariners, It is under- 
stood that the Danish Government will be producing charts for the 
Danish chain in a similar manner. 
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Appendix to U.K. Pamper No. 19 


No. of 
Chart 


325 

1089 

1185 

1190 

1607 

1872 

1895 

1975 

2052 

2148 

2182A 

3347 

6371 


Starts 

1191 

1192 
182 5B 
U08 

2322 

1406 

1491 

1179 

1170B 

2450 

2451 
2612 
2613 
2669 
2565 
2620 
442 
1178 
1410 
Ull 
1170A 


British Adm iralty Charts for Decoa 
Charts completed (1st Aprll. l9^ 

Title or Plan of Chart 


West Schelde - Ostend to V/estkapelle, 
Orfordness to Blakeney. 

River Thames - Sea reach. 

Blakeney to Flamborough head. 

North Foreland to the Nore. 

Calais to the River Schelde entrance. 

Dover Strait. 

Kentish Knock and the Naze to the Nore. 

The Naze to Orfordness. 

Cayetuc to Boulogne. 

The North Sea - southern sheet. 

Heligoland bight eind approaches. 

Dungenees to Dunkerque including Dover Strait, 


be completed by end of 1947. 

Flamborough head to Hartlepool 
Hartlepool to St. Abbs head 
Irish Sea - Sheet 2. 

Orfordness and Scheveningen to Tersckelling 
zeegat. 

Scheveningen to Ameland 

Dover and Calais to Orfordness and Scheveningen 
Harwich Harbour. 

Bristol Channel. 

Great Ormes head to Liverpool, 

Portland to Owers, 

Owers to Dxmgeness. 

Fecamp to Dover* 

Cape Levi to Fecamp, 

Chaxmel Islands and adjacent coast to France. 
Trevose head to Dodman point. 

Eddysttxie to Portland, 

Lizard head to Start point. 

Trevose head to Bull point. 

St, Govens head to New Quay, 

New Quay to Holyhead. 

Holyhead to Great Onnes head. 


X 

X 

1 

2 

3 

4 
4a 

5 

6 
7a 
7b 
7c 
7d 
7e 
8 

9 

10 
11 
12 

13 

14 
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109 Entrance to the River Hiunber# 15 
1543 Yarmouth and Loirestoft Roads, 16 
536 Beachy head to Dungenesc, 17 
1652 Owers to Beachy head, 18 
2045 Owere to Christchurdi, 19 
394 The Solent - eastern part, 20 
2615 Portland to Christchurch, 21 
1613 Bigbury Bay to Exmouth, Brixham Harbour, 22 
1267 Approaches to Plymouth, 23 
1610 North Foreland to Orfordnees, 24 
1828 The Downs, 25 
1165 T/ormshead to Watchet, 26 
1152 Barry and Watchet to Newport and Weston- 

super-Mare, 27 
1376 Newport and Weston-super-Mare to Chepstow 

and Bristol, 28 
1826 Formby point to Kirkoudbrigjit, 29 
2012 St, Catherine*8 point to Sels^ bill, 30 
2050 Nab Tower to Spithead, 31 
2219 Western approaches to the Solent, 32 
1076 St. Covens head to the fumbles. 33 
1161 Swansea Bay, 34 
1951 Liverpool Bay, 35 
108 The Wash 36 

110 Hook of Schouwen to Wectkapelle, 37 
122 Mouths of River Maas, 38 
2010 Morecambe Bay, 39 
2040 The Solent - Western part, 40 
102 Orfordness to Southwold, 41 
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U.K, PAPER N0.20 


INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON, CONN ■ • • APRIL 28- MAY 3. 1947 


THE ALLOCATION OF FRKHJBNCIES FOR 
135)10 AIDS TO ISyRlNte nIavigati^ 


The orer-riding ooneideration in providing Radio Aids to 
Navigation is to ensure hundred per cent reliaWlity, The stand- 
ard of reliability required for navigation is higgler than that 
required for oommuid oati on services, end systems and frequencies 
have to be chosen vdth this consideration very much in mind. A 
system of navigation dependent on radio waves can fail when the 
radio signals become too weak to give reliable indications or 
idien propagation of the waves is not in accordance with the 
principles on which the system has been designed. Much will 
depend upon the accuracy desired. Vttiere a rou^ detenninatian 
is sufficient there is a considerable margin available for anom- 
alous propagation before the loss of accuracy is material. Where 
the accuracy required is very hi^, both signal strength and 
uniformity of propagation must be correspondingly hi^. The 
coverage provided by a radio system varies greatly with the fre- 
quency as well as the power. The oholoe of frequency for any 
pariicular service will be determined by the area and location 
of coverage which is desired and by the accuracy idiioh must be 
attained at all times of the day and night, independently of 
weather oondltlons. The full requirements are so stringent as 
to be seldom obtaixiable, and in general decisions on frequencies 
are made on a balance of conflicting considerations. The following 
are the proposals for Radio Aids at present in being or about to 
be employedi- 

1. M.F. BEACONS 


This system is intended to provide assistance to ships 
fitted with their own direction findixxg equipment. It will 
not provide a service meeting the requirements laid down 
for Landfall and Coastal aids, but is capable of approaching 
these sufficiently nearly to give useful assistance in oertain 
looalities. It is agreed that this system shall be improved 
and extended, since it will be many years before it is super- 
seded in all areas by any more aoourate system, even if such 
is adopted iBBaediately. 
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(a) The frequezioy must be euffloiently hl^ to permit radi- 
ation from an aerial system of reasonable site and cost* 

(b) The frequency must be sufficiently hi^ for a loop 
direction finder of adequate sensitirity to be provided 
in a restricted space* 

(c) The frequency must be lov enou^ to avoid resonances 
ocourring in the ship *8 hull and superstructure* 

(d) The frequenoy must be sviffloiently low to secure reason- 
able imnunity from sky-wave by day and reasonably long 
range at night. The existing band of 290 to 520 Eo/s 

is good, but a somewhat higher frequency is acceptable 
provided it is not above about 400 Ko/s* 

The baxid of 30 Ko/s at present allocated is overcrowded, but 
it is believed that it can be made to serve if all technical 
improvements in the design and planning of the Beacon systems 
are incorporatedj provided of course that the Beacon is 
intended purely as a secondary' aid and is not to be extended 
to provide the full coastal coverage now considered necessary* 
If no accurate short and medium range radio position-finding 
system is provided, a much wider bsusd will be essential* 

This could only be regarded as a most extravagant use of 
frequencies* 

It is believed that other countries will require this band to 
be extended to 40 Kc/s* This is perfectly acceptable. Indeed, 
desirable* It is felt that this additional 10 Ko/s should be util- 
ised for the erection of any consol stations Intended to replace 
Uarine Radio Beacons* It would then be -rery desirable for this 
10 Eo/s to form a buffer band between the Air and Uarine Beacon 
bands, as Consol Stations are likely to be of use to both interests* 

2* MESDIOM FREQUEHCY DIRECTION FINDING (SHORE-BASED) 

In this Aid a shore d/f network obtains bearings on trans- 
missions from the craft oonoeznied* It is intended to provide 
some asd. stance for vessels too small to carry their own direction 
finder, and also to provide assistance to vessels in an emergency, 
e*g*, if their direction-finder breaks down* Large scale use of 
this system is discouraged, as it "saturates" with a ocmparatively 
smell number of users, but it is nevertheless desirable as an 
emergency provision* 
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The factors ahioh must be oonsldored in choosing a frequency 

arei- 

(a) The frequency must be high enou^ for reasonable power 
td be radiated from the restricted aexial system avail- 
able aboard ship* 

(b) The frequency must be hi^ enou^ for a di re oti on-finder 
of reasonable sensitivity to be oonstruoted without 
excessive expenditure. 

(o) The frequency must not be so high that there is a risk 
of interference by sky-wave in day time* or that the 
night range is unreasoxiably ourtalled. The frequency 
566 to 580 Ko/s at present allocated is satisfactory* 
but a somewhat higher frequency would be aooeptable. 

It should not exceed 500 Eo/s. 

The minimum band reqiaired would be 10 Ko/s* but a bandwidth of 
at least 15 Eo/s would be preferred. 

The band oan be adjusted over a fair range of frequency but 
oare must be taken not to go outside the range frequencies covered 
by existing shore equipment. 

5. CONSCL 


The possible Marine uses of this system are twofoldi- 

(i) Its principal use will probably be as a long-range aid. 
There is no intention of allocating special MazrLne 
Beacons for this purpose* but Air Beacons would be 
utilised by ships where suitable coverage was provided. 
Support would* therefore, presvmably be given to Air 
demands for frequenoies* but no independent marine 
demands are forseen. 

(ii) The system ml^t also be utilised as a medium range aid 

to replace Beacons. There is no intention of applying 
for a speolfie allocation for Consol for Marine purposes* 
but it is considered 'tiiat where a number of v/t Beacons 
would be replaced by the erection of one Consol station* 
it might be acooimnodated in the }i/F Beacon band* assuming 
that the latter was extended by 10 Ko/s as envisaged 
under (1) above. 
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The teohxiioel requirements in deciding the frequency to be 

used aret* 

(a) This frequency must be hi^ enou^ to permit radiation 
from a reasonably dlsiensioned aerial system* 

(b) The frequency must not be so hig^ lhat the risk of 
errors due to sky-eraTe is unduly increased* This point 
is of partioular importanoe as the eoonomio use of the 
system for Ifeirlne purposee depends on obtaining the 
maximum range before the aoeuraoy becomes too low. 

The bands idiibh have been proposed (265 to 285 Ko/s and 285 to 
855 Eo/s)are eonsidered reasonable* but the lower is probably the 
better* 

It would seem Tirtually iopossible to accommodate Consol Beacons 
in the existing Marine band without the proposed extensions of 10 Ec/i 
except perhaps in a few special oases where a number of Beacons were 
replaced by one Consol Station* Even in this ease* howeTer* diffi- 
culties would probably be e3q)erlenced due to the latter* with the 
increased power necessary to obtain the desired range* causing inter- 
ference with other Beacons sharing frequencies with those replaced* 

This system has been supported, so far, purely by air inter- 
ests* Perhaps support for the erection of a few Beacons* for 
ooBibizied sea-air use in any extended Murine Beaoon band (40 Ko/s) 
oould be used to enlist support for other Murine requirements* 

4* DECCA (I/f) 

This systems is intended to provide LandfaJ.1 and Coastal cover- 
age and slso to provide Pilotage assistsmoe in certain areas* It 
is well known that the principal danger to shipping exists in the 
areas in the immediate vicinity of land* and no existing aid other 
than DECCA appears to be capable of giving the oonbination of 
accuracy and ooverage required. In addition to its use for normal 
navigation* ihe system has valuable specialised applloations to 
Murine and Harbour siurvey* in tiie naintenanoe of sea marks* and for 
oable laying* 

The principal defect of the system* to date* has been the large 
measure of ambiguity in its indication* This will be eliminated by 
the introduction of a system of "Lane Identification"* which has 
been demonstrated to Marine Users and agreed as satisfactory to 
them* There is reason to hope that this system of "Lane Identi- 
fication" will also make the system useable by aircraft* 
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nie qrstcB is liable to eerioue errors at olg^t at distances 
exceeding sosw 240 nautical ndles frcsi the trananitters it 
cannot therefore be considered as a long range aid* 

The facts to be taken into consideration in selecting frequen- 
cies sire as follows t- 

(a) It is necessary to obtsiin the naxiiBum possible ni(^t coverage 
and for this purpose the lowest frequencies are Idle best* 

(b) The frequency must not be so low that the cost of oonstruoticB 
of the aeidal systesis is unduly increased* The range 70 to 
150 Kc/s has proved most satisfactory* Owing to the special 
arrangements used in this system* the frequencies for a part- 
icular chain mast be in the special ratios 6t6t8t9* The 
second frequency is known as the Master frequeney and once 

it has been selected the others are obtained in terms of it* 

It is thus seen that if one frequency is fixed so are all 
the rest* 

unless sufficient channels are available for the majority of 
the coastal shipping routes in the world to be covered* shipping 
cannot fully exploit the advantages given by such a system* It 
is estisiated that Initially five sets of four frequencies will be 
required* the Master frequencies of the five sets being separated 
one from another by 400 o*p*8** i*e* Master frequencies of 

84*2 Ko/s 
84*6 " 

86*0 " 

86*4 " 

85*8 " 

This suggested system would require the following frequency bands 
to be allocated to DECCA* 


70*08 Ko/s to 71*58 Ko/s 
84*1 Ko/s to 86*9 Kc/s 
112*1 Kc/s to 114*6 Ko/s 
126*15 Ko/s to 128*85 Ko/s 

that is to say that the total bandwidth required would be 3*4 Ko/s 
and this is considered to be the absolute mini mum that would be 
aooeptable* The Deooa Cos^any estimate~^at at a later date* with 
isprovement in receiver technique nine sets of frequenoies could 
be used within these bands* 
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T&ifortunately few relaxations are possible if the lystem is 
to operate successfully* The English chain is at present operating 
with a Meister frequency of 85*0 Ko/s euad any change from this 
channel, would be unfortunate, because not only has equipment been 
built for this frequency, but a eonsidei^ble number of charts have 
been prepared and these would be rendered useless if the frequency 
were changed* 

It is suggested abore that the other frequency channels be 
distributed symmetrically about the present frequency of the 
English channel* Tlhilst this is desirable as it requires the minimum 
alteration to present equipment, it is not considered to be essential* 
The Channels should, however, be contiguous and equally spaced in 
frequency, in order to facilitate the design of the receivers* 

The effectiveness of a position-fixing system of this type 
depends very largely upon the continuity and consistency of the 
transmission and reception* It has proved impossible for the 
system to give adequate, or even reasonable, service on a non- 
interference basis* 

A proper international allocation of frequencies is made still 
more essential by the special relationship of the frequencies of 
the stations in each group since one frequency cannot be altered 
to avoid a source of interference without affecting eJl the others* 

6. HIQE FREQUENCY DIRECTION FIMDIKG 

There is no Ifeirlne requirement for this service as an aid to 
navigation, but it is appreciated that the network of h/f d/f 
stations likely to be reqxiired for the Air Distress Service nd^t, 
in certain emergencies, be useful to ships in distress* This 
would be particularly true in the case of smaller vessels unable 
to carry l^F transmitters of adequate power* 

The frequencies used must be chosen by consideration of the 
propagation conditions at the particular time of day, year and 
sunspot cycle, and also the rwge concerned* If the Air network 
is to be utilised by the Mariner it is clear that those frequencies 
specified by Air interests will have to be accepted and thus no 
special Marine proposals are advanced* 

The minimum number of frequencies which may be usefully eiqployed 
will have to be settled in Air users and this decision must be 
accepted by the ttirine interests* 

Here again, it will be necesseuy for such relaxation 6f require- 
ments as may be possible to be settled by the Air users and accepted 
by possible Ifetrine users* 
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6. CENTllflSTRIC RADIO BEACONS 


Proposals have boon mads in the U*K* for a oentinetrlo radio 
beaoon with rotating aerial beam. The beam of energy is modulated 
as it rotates in suoh a manner that a ship 'within 'the radio horlxon 
oan, 'with simple reoei'rlng apparatus, deteimine the bearing and 
identi'ty of -the beaoon. 

, The factors irtiioh determine '^e frequency to be used for a 
radio lighthouse of this type sure as followst- 

(a) The frequency must be hlg^ enough to enable a beam width 
of less 'than 10*^ to be obtained with an aerial of moderate sixe 
oapable of rotation at a speed of about 60 r.pwa. 

(b) The frequenoy should be low enou^ to allow horison range 
to be obtained wl'th a simple orystal-'video reoelwer. 

(o) The frequency should preferably be in a region where suit- 
able val-ves and other tt/? oomponents have been developed. 

The extent of frequenoy band required for 'the pulse system at 
present proposed, is deteirndned by eonsi derations of magnetron stabil- 
ity and ease of manufacture; a band of about 1^ is about the sdnimum 
acceptable . 

A frequenoy allocation of 50 Me/s width in 'the vioini'ty of 5000 
Mo/s would be satisfaotory taking the consideration of the second 
and third paragraphs into aooouut. The proposed frequenoy band of 
5350 to 5400 Ifo/s would be sa'tisfaotory, but ai^ similar band in 
this region 'would be aooeptable. 

7. SHIPBORNE RADAR 


The objects of shipbome radar are as stated in 'the U. K. apeoi- 
fioation for a Marine Radar Sett* 

(i) To provide naviga-tional assi stance in the vicinity of 
coastlines and islsuids. 

(li) To provide warning of the proximity of other surface oraft 
and obstructions in a manner whloh will enable a oollision 
to be avoided. 

(ill) To provide an indioation of the position of the ship in 
relation to buoys, shorelines, and navi gationaV marks in 
a form whi<di will be of assistance to the na'vlgation of 
restricted waters. 


-;i() 


7S4()7S () 4H 


453 



The factors to be coasidered in choosing frequency bands for 
marine navigation radar are as follows t- 

(a) Hl^ azimuthal resolution and good detection range on low 
coast, buoys and small vessels are important character* 
istios in radar to be used for navigation in restricted 
waters* 

(b) To obtain the required oharaot eristics in a radar set of , 
moderate power with an aerial capable of being fitted in 
the majority of merchant ships, the operating frequency 
should be greater than 5000 Mc/s. 

(c) An upper limit to the operating frequency is set by atten- 
uation and scattering in rain, etc*, these effects increase 
rapidly at frequencies in excess of 10,000 Mb/s, and at 
times in the tropics reduce the efficiency of such eqiiip* 
ment as frequencies of 10,000 Mo/s and below* 

Such operational experience as is available at present 
indicates that the advantages of operating at around 
10,000 Mo/s outweigh disadvantages due to atmospheric 
effects in most parts of the world* 

An additional frequency band near 6000 Mo/s should be 
available* 

(d) Valves and other b/f oonqponents and test equipment have 
been developed in the n*K* for a comparatively narrow 
band in the vicinity of 10,000 Ifo/s, uid some time must 
elapse before components are freely available in other 
parts of the spreotrum between 5,000 Mo/s and 10,000 Mc/s* 

The width of frequency band required is not determined by consider- 
ation of mutual interference, sinoe large numbers of sets of this 
type can operate on the sane frequency without slgnifioant prejudice 
of performance, but by two other factors t 

(a) the spread in production of operating frequency of the 
fixed frequency magnetrons used as transmitting valves* 

(b) the bandwidth of other non-adjustable b/f ooraponents* 

A frequency bandwidth of about Z% represents a reasonable oom- 
proralse be'^en the oonfliotixig requirements, the minimum acceptable 
bandwidth being 1% 
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The proposed frequenoy alloostlons of 9S20 to 9500 ao/s and 
5460 to 5650 ao/s are iiierefore regarded as satisfactory, U*K* 
nanufaoturers have planned produotion of oonponents for the 9320 
to 9500 mo/s band or for the 9400 to 9500 mo/s part of it. 

Components for the 5460 to 5650 mo/ s band have not been deve*> 
loped in the U*K« Any band of similar width between 5000 mo/s and 
6000 mo/s with a mlniaum extent of about 100 ao/s would be aooept- 
able. 


It is understood that the TT.S. have a requirement for a frequen* 
oy allocation 3000 to 3240 mo/s. No requirement is foreseen for a 
frequency allooation in this part of the spectrum for O.K. civil 
marine radar. 

8. RADAR BEACONS (RACONS) . 

Radeur beacons for civil marine radar may be used to enable a 
ship fitted with radar to fix its position with certainty in waters 
where the plan display of the coast line is not sufficiently 
oharaotezdstio for unambiguous identification, or at ranges in 
excess of normal rexlar range in the vicinity of low lying coast or 
for making a land-fall. 

A number of types of oentimetrio radar beacons, idiioh use the 
transmission of narrow band of frequencies adjacent to a radar 
frequenoy band, have been developed emd installed for air/marine use 
in the U.S. There has been no development or produotion of a beacon 
of this type in the tJ.K. but it is clearly important that the fre- 
quenoy bands to be used for them should be internationally a^eed. 
and the proposed bands of 3246. to 3266 mo/s 5440 to 5460 mo/s 
and 9300 to 9320 mo/s are satisfactory. 

The width of the band 9300 to 9320 mo/s. which is the only 
band of Interest to the CT.K. at present, represents the minimum 
aooeptable with existing techniques of frequenoy stabilisation and 
measurement. 

9. RADIO TELEPHONY FOR PSE WITH SHORE BASED RADAR . 

The purpose of providing V.H./i‘«R*A oommunioations for use with 
harbour supervision radar is to enable the authority oontrolling the 
shore radar to pass information and directions to ships within 
horlson range, to reoeive reports from suoh ships, and to determine 
Identity by d/f on ship transmissions in a manner idd.oh facilitates 
oorrelating with the radar display. 
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Any frequency above 100 mo/s would be teehnieally suitable « the 
region below 200 mo/s would be partieularly convenient beoauset** 

(i) teohniques are fxilly developed^ and ine^qpensive valve 
types and be used* 

(ii) A oathode rsy direction finding technique has been developed 
for use in the 100 to 150 mo/s band* 

Chaimels are essential for 

(a) transmission from the shore radar site 

(b) transmission from ships 

The provision of two other channels would be desirable for the 
purpose of identifioation by msasuresMnt of bearing and range* 

The width of channel is determined by eeonomiead limits to idxich 
frequency can be held in this region with simple apparatus* 100 ko/s 
could be regarded as a reasonable width* The proposed allocation of 
one channel near 160 ko/s is aooeptable* but may be foiuid inadequate 
under dense traffic conditions* Two ohannels 100 ko/s each are 
considered to be desirable* 
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K) REWORD 


United States Coast Ghiard Headquarters 

Washington, D.C. 


This pamphlet on loran, radiobeacons, and radar is published 
for the information of the United States maritime industry and 
United States commercial air lines interested in the aopllcatlon 
of electronic navigational aids. It should be of benefit to the 
industries concerned in improving the safety, economy, and ef- 
ficiency of transportation over the areas of the world. 

The information has been prepared largely to answer many 
inquiries received by the United States Coast Guard on these sub- 
jects. The Coast G'lard operates an extensive system of lorsm and 
radiobeacon stations for the protection of overseas transportation 
and has promulgated suggested specifications for radar equipment. 

Operational tests relating to electronic navigational aids 
for use by navigators is undertaken by the Coast Guard as a normal 
function since its duties include the saving of life and property 
at sea, maintaining and operating aids to navigation, and merchant 
marine inspection. 

It is believed that this non— technical treatment of the sub- 
jects presents sufficient facts for an evaluation to be made in 
determining the benefits to be derived in applying these equip- 
ments to the safeguarding cf life and property at sea. 



Iral, USCG, 
Commandant. 
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CHAPTEa ONE 


LORAN SYSTai 


INTRODUCTION 


Th* Loran system Is a modera electronic aid to navigation 
by means of which navigators on or ever the ocean can determine 
their position accurately and quickly, day or night, and xinder 
practically any condition of weather and sea. The name "Loran” 
was derived from the words "LOng RAnge Navigation," which de- 
scribe in general terms the system's relative utility when 
compared to ranges of other electronic navigational aids. The 
effective range of Loran Is as great as 1,400 nautical miles at 
night and 750 miles during the day (Pig. 1-?). The accuracy 
obtained is comparable to that which may normally be exoccted 
from good celestial observations. Even though such precision Is 
attained, the determination of position by Loran requires but 2 
to 3 minutes time. 

The navigator can think of Loran as merely a new method of 
determining llnes-of-poeltlon. These loran lines can be crossed 
with other loran lines, with sun lines, star lines, soundings, 
radar range circles, or bearings, to provide fixes. Loran lines 
are fixed with respect to the earths surface; their determination 
Is not denendent unon the ship's compass, chronometer, or other 
mechsuiical or electronic devices. Loran shipboard equlnment re- 
quires no special calibration and is not affected by the arrange- 
ment or disarrangement of shlpboaM antennas, cargo booms, 
ventilators, etc., as in the case of radio direction finders. 

Loran signals are on the air and available to navigators for 
24 hours oer day, and cover the major shipnlng lanes of the seas 
and oceans of the world. Developed as a wartime necessity, the 

system Is now at the disposal of private shlp’-)ing any nation, 

any line, all may make free use of it. 
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FIGURE 1-2. TYPICAL DAY AND NIGHT LORAN COVERAGE AREA. 



DAY a NIGHT COVERAGE AREA. 



NIGHT COVERAGE AREA. 
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PRINCIPLES OF OPERATION 


Loran operates on the following principles; 

1. Radio signals consisting of short oulses are 
broadcast from a nalr of shore-based transmitting 
stations. 

2. These signals are recelTed aboard the ship or 
plane on a special loran radio receiver. 

3 . The difference in times of arrival of the signals 
from the two reuilo stations is measured on a sneclal 
loreji Indicator. 

4. This measured time-difference Is utilized to 
determine directly from special tables or charts a 
llne-of-positlon on the earth's surface. 

5 . Two llnes-of-poEltion, determined from two pairs 
of transmitting stations, are crossed to obtain a 
loran fix. 

Since radio signals travel at a constant speed, the direct 
relationship between time of travel and distance traveled exists. 
Thus, measurement of intervals of time is, in essence, a meesure- 
ment of distance itself. 

The radio signals which are transmitted by loran stations 
are not continuous transmissions such as those of everyday com- 
mercial broadcasting stations, but are "pulse” signals, or short 
bursts of radio energy transmitted at regular intervale. The 
use of "uulse" signals uermits the individual signals to be 
identified in order that time measurements can be made. This 
would not be possible if the transmissions were continuous. 

Because the basic loran measurement evaluates the difference 
in the distances between the navigator and each of two fixed 
transmitting stations and not the individual distances themselves, 
there arenany points at which the difference would be the same 
even though the distances varied widely. These points fall along 
a smooth curve (hyperbola) which is known as a loran line of 
position. Therefore, when a navigator has obtained a loran read- 
ing from a pair of transmitting stations he has determined that 
his true position lies at some point on a particular loran line 
of position. By making loran measurements on a second pair of 
stations a second line of position has been identified and the 
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njjtiL 1-3 

Navicator aboard lorar4-equipped ship at ''S” establishes •Tix" by determining; two lines 
of position, "A** and ”D'' by loran measurements. 

Line of position "A” is found by measurintj the time difference between sijjnals received 
from transmitting; stations A^^ ^2* 

Line of position ’’S'* is found by measuring; the time difference between signals received 
from transmitting stations and D 2 » 

The navigators fix is established, at the point of intersection of the two lines of position. 

Ihe latitude and longitude of the navigator*s position is determined from tho loran data 
by using either the loran cliarts or loran tables. 
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navigator's true position or "fix" has been established at the 
point of Intersection of the two lines. 

In order to simplify the navigator's problem of interpreting 
the loran data in terms of coordinates of latltride and longitude, 
loran charts are provided which picture the electronic lines of 
position with respect to some convenient map of the region in 
which the ship is sailing. The same information is available in 
the form of loran tables for the convenience of navigators who 
desire to cross loran lines of position with celestial obser- 
vations on their regular navigators chart. 

The diagram of figure 1-3 Illustrates the basic principles 
of the determination of position by means of Loran. 

TRANSMITTI IJG STATIOtl FUMCTIONS 


Loran, through the medium of radio waves, covers the main 
traffic lanes of the seas and oceans of the globe with electronic 
lines of position to aid and protect the modem navigator in his 
pursuit of the ancient art of celestial navigation. These 
electronic lines stem from the loran transmitting station (?ig. l-H), 
the heart of the system. 

Because Loran is concerned with the measurement of radio 
signals from two different sources, loran stations operate in 
pairs. The fxmctlon of each station of a loran pair is somewhat 
different from that of its companion station and each is given 
a designation which is descriptive of the role vdilch it performs, 
namely, "master" station and "slave" station. 

The "master" starts the cycle of transmission by sending out 
a pulse of radio energy which is radiated in all directions in- 
cluding that of both the navigator and the "slave " station. After 
traveling over the distance between the two transmitting stations, 
which is known as the "baseline," the pulse transmitted by the 
"master" arrives at the "slave". This signal is received by 
means of the loran equipment of the "slave" station and the time of 
its arrival is used by the "slave" as a reference for the trans- 
mission of its own signal. 

After the "slave" transmits its pulse, the entire cycle is 
repeated again and again. 

Thus the "master" station "sets the pace" and the "slave", 
by following, completes the loran transmitting cycle. This is 
shown diegrammatlcally in figure 1-5 . 
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FI'OURE 1-4. — Aerial photograph of a typical loran transmitting station. 








By this sluqple procASs, a pair of loran stations send out 
their guiding signals to the hundreds or thousands of navi- 
gators who may he within the area of their service which, in 
most cases, is well over 1 million square miles.' 


CONTROL OF LOliAN THANSIJISSIONS 


Since the value of the loran system is equal only to the 
accuracy of timing of the signals transmitted, every precaution 
is taken to safegueurd the functioning of the system. This is 
effective to such an extent that the navigator may feel certain 
that the loran data which he obtains is correct. This fact has 
been proven by the acid test of completely successful loran 
operation under the severe conditions imposed by the war. 

The nat^ire of loran transmitting station equipment makes 
it necessary for the loran transmitting station operator to ob- 
serve the signals of both stations continuously during trans- 
mission. As a consequence, the man on watch at either station 
of a pair is in a position to "double check" for the existence 
of any fault that might occur in the signal of either station. 

^ ' ' 

As an additional precaution to Insure proper transmissions, 
independent "monitor" stations have been established at stra- 
tegically located points with respect to the transmitting 
stations. The monitor stations maintain a continuous watch 
over the acc\xracy of the loran signals transmitted, assuring that 
the signals are synchronized within established limits of accuracy 
and take appropriate action In the case of any discrepancy. 

Loran transmissions can be momentarily at fault due to 
many possible causes such as electrical failure of a part of the 
equipment or operating error in manipulating controls. Even 
though these troubles may be minor and of relatively short dxira- 
tlon, it is absolutely essential that the navigator be acquainted 
with the failure Instantly «uid positively. In order to do this, 
a blinker device is switched In at either of the two stations. 
"Blinking" produces a characteristic movement of the transmitted 
signals, which is easily recognizable and serves to warn the 
navigator that the signals are not to be used for navigational 
purposes until the "blinking" ceases. 

In case the failure Is sufficiently serious to prevent 
transmission entirely, from one of the paired stations, it wotiid 
not be possible for the navigator to misinterpret the loran 
signals since the presence of only one of the expected signals 
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‘J.\ViGATOR ABOARD AT " N '' IS WITHIN RANGE OF 

stations ■■ W and "S" and is about to receive LORAN 
signals 



L C '<AN TRANSMISSION CYCLE IS BEGUN BY "MASTER" 
STATION PULSE IS RADI ATED I N ALL DIRECTIONS AND 
TRAVELS TOWARD BOTH "SLAVE" STATION AND NAVIGATOR 



PULSE FROM "MASTER" STATION ARRIVES AT POSITION OF 

navigator "slave" station has already received 
"MASTER" PULSE AND IS WAITING FOR PROPER AMOUNT OF 
TIME TO Elapse before transmitting to assure correct 

SYNCHRONIZATION WITH "MASTER" 



AFTER WAITING FOR THE PROPER AMOUNT OF TIME TO 
ASSURE CORRECT SYNCHRONIZATION. THE "SLAVE" TRANS- 
MITS ITS PULSE THE NAVIGATOR MAS ALREADY RECClVEO 
THE PULSE FROM THE "MASTER" STATION 




PULSE TRANSMITTED BY “MASTER" STATION ARRIVES AT 
"SLAVE" BUT MAS NOT YET REACHED THE NAVIGATOR 


"SLAVE" PULSE ARRIVES AT NAVIGATORS POSITION SINCE 
NAVIGATOR MAS ALREADY RECEIVED TVIE SIGNAL FROM THE 
"MASTER" STATION. LORAN READING IS TAKEN BY 
MEASURING THE TlWlE ELAPSED BETWEEN THE ARRIVAL OF 
THE MASTER AND SLAVE PULSES AFTER BOTH SIGNALS 
HAVE TRAVELLED THROUGHOUT TMEIR EFFECTIVE RANGE. 
THE CYCLE IS REPEATED 


FIGURE 1-5 


SEQUENCE OF OPERATION OF 
LORAN TRANSMnrriNG STATIONS 




7.S4078 O 4 8 


469 



on the air wovild preclude making any time difference meaeure- 
menteat all from that particular pair. Other pairs would not 
be effected. 

Because of the fundamental checks which are ▼lgllantl7 
maintained on the operating loran signals, the narigator at 
sea or in the air is assured that any transmissions which he 
receives, with the exception of "blinking" signals, are ac- 
curate, reliable electrical guldeposts marking the electronic 
lines of positions of this modem long-range navigational aid. 


TRAIMS.'/ITTING STATION EQUIPMENT 


In order to send out a succession of reliable loran signals 
to aid navigators at sea in determining their position, the 
transmitting station has two fundamental responsibilities. The 
first of these is the generation of radio Impulses of the pro- 
per frequency, power, and duration. The second is the timing of 
these radio Impulses at the correct Intervals and with the re- 
quired degree of precision. The two major units of transmitting 
station eqiiipment fulfill these lesponsibllitles, as their names 
indicate, since they are the loran transmitter and the loran 
tliaer. 


The loran transmitter is a "pTilse" type of equipment of a 
special design developed specifically for loran application. 

The radio frequency pulses which are generated by the equipment 
contain a great deal of electrical energy and are as powerful, 
although of short duration, as the largest commercial broadcast- 
ing stations' transmissions. The loran transmitter functions la 
such a manner that a single pulse of radio energy is sent out 
each time the transmitter receives an electrical timing Impulse. 
The timing impulse is known as a "trigger" p^llse and serves to 
"turn on" the transmitter for the duration of the pulse. 

The loran timer is the fundamental ■unit of equipment on 
which the accuracy of the loran system depends. The timer is 
made up of the following basic components which serve the pur- 
poses indicated: 

(a) Badlo receiver. — The receiver permits the reception 
of loran signals from the distant station and also those 
transmitted by the local station. 
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loran Switch gear loran timers 

TRANSMITTERS AND TRANSFORMERS IN SCREENED ROOM 
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(1}) Indicator. — • Based upon the function of the cathode 
ray tube which permits the operator to "see" electrical 
Impulses, the Indicator permits visual Inspection of the 
signals themselves and other basic functions of the equip- 
ment. 

(c) Oscillator and timing circuits. — The complex and 
precise timing functions stem from a crystal controlled 
oscillator of the highest laboratory standards. The 
timing circuits permit the measurement of the time Inter- 
val between the signals received and furnish the necessary 
"trigger" pulses for operating the loran transmitter and 
similar timing pulses for other secondary station functions. 

Some Idea of the hl^ degree of precision of the loran 
timer equipments may be Illustrated by the fact that a pocket 
watch of comparable accuracy woiild run for a period of over 9^ 
years before it woTild lose or gain a single second of time. 

A third item of equlpmait which Is of fundamental Impor- 
tance In a transmitting station is the loran switchgear. This 
is constricted as a separate physical unit and contains the 
necessary switching to permit the operator to place different 
units of the station equipment In use by properly connecting 
them to the other units. The s%rltchgear chassis also houses 
the "attenuator" unit, an electronic switch which effectively 
disconnects the receiver unit each time the local transmitter 
sends out a signal. It is necessary to do this to prevent the 
receiver from being damaged by the strong signal that Is genel^• 
ated in the vicinity of the station's own transmitting antenna. 
During the interval when the local transmitter is not sending 
out a signal, the "attenuator" effectively reconnects the re- 
ceiver to permit the operator to receive the signal from the 
distant station. 

In order to provide reliable loran service even In the case 
of minor failures of equipment It is the established practice 
in designing loran stations to provide duplicate unite of all of 
the major items. In this manner an equipment failure causes only 
a momentary pause in the service, since the stand-by equipment 
can usually be placed In service in less than a minute's time. 

Figures 1-6, l-J and 1-8 Illustrate transmitting station equip- 
ment. 
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Figure 1-7. — Interior views ahowiag 3pr«n ti?ansm^ 


BQ.UIPMBNT USBP BY THE NAVIO/ITOB 


Loran eqxilpment used I)/ the narlgator on shipboard or air- 
craft at sea In the determination of his position, is known as 
a receiver-indicator. The receiver performs the functions of 
an ordinary radio receiver but delivers its output to a visual 
indicator rather than to a loudspeaker and is designed for the 
reception of ptilsed signals rather than ordinary radio signals. 

The indicator is essentially an "electronic stop-watch" capable 
of measuring, in microseconds, the difference in times of arrival 
of the pulse signals from the t%fO stations of a pair. In the 
Indicator, horlzontSLl traces or lines of li^t on the screen of 
a cathode ray oscilloscope form the equivalent of the dial of a 
watch. A vibrating quartz crystal is the balance vjkeel, and 
electrical circuits known as "dividers" or "counters" take the 
place of gear wheels. 

Installation of the receiving equlimient is quite 8iiiq)le and 
can be performed in a few hours time. Actueilly, installation 
merely requires simple mechanical mounting of the equipment to 
the deck or bulkhead, erection of an ordinary radio receiving 
type vertical antenna, and plugging in the power cord to the local 
electrical power source. 


OPIRATING RAHGB AMD ACCURACY 


Three fiindamental characteristics of Loran are of particu- 
lar imoortance to navigators using the syst^. These qualities 
are the following: 

(1) Practicability of loran operation over longer 
distances than is possible with older types of radio 
navigational aids. 

(2) High order of positional accuracy attained. 

(3) Bellabllity of Loran under all kinds of weather 
conditions. 

Vessels and aircraft at sea may detezmine their position 
by means of Loran both day and night when they are within 73O 
nautical miles of the transmitting stations. This is based on 
the reception of "ground waves* which travel on ths surface of 
the earth euid which are the most stable type of radio waves. At 
night, however, "sky waves" are received which are radio waves 


474 





475 


timing 



that travel outward from the transmitter until they "botaice" or are 
reflected from a region of the upper atmosphere known as the 
"ionosphere” and reach the navigator after reflection (fig. l-ll). 

The use of “eky Wavee” extends the range of loran service at night 
up to a distance of 1,U00 nautical miles from the transmitting 
stations. However, the positional data obtained by using "sky wave" 
loran signals is somewhat lees accurate than the information deter- 
mined through the use of "ground waves." but is, nevertheless, still 
at high order. 

One of the eurprislng facts about Loran is that in a matter of 
2 to 3 minutes time, a navigator at sea can determine his position 
with an accviracy comparable to that obtained from good celestial ob- 
servations which require considerably longer to make and which entail 
somewhat laborious mathematical computations to interpret. 

The accuracy of loran fixes varies considerably, deoendlng on 
the relative position of the nmvigator and the transmitting stations, 
the angle at which the loran lines of position intersect and several 
other factors. A very rough rule of thumb has been stated to be 
that a loran line of position has an accuracy of better than 1 per- 
cent of the distance of the navigator from the stations; thus a 
navigator 1,000 miles away from the stations would expect the line of 
position to be well within 10 miles of the proper position. As the 
stations are approached, the accuracy increases greatly, and along 
the imaginary line between the two stations, or "base line," a line 
of position may have an accuracy of the order of several hundred 
feet. This feat\ire has particvilar practical value since the physi- 
cal arrangement of loran stations is such that a navigetor making 
a landfall will usually aporoach the shore in this highly accurate 
area of loran service, figure 1-12 shows the pattern that a family 
of loran lines of position make with respect to their transmitting 
stations and points out the regions of accuracy. Figure 1-15 shows 
a vessel approaching a harbor along a line of position. 

Another Important feature of Loran to the navigator is the 
reliability of the signals and the consequent removal of doubt in 
the navigator's mind as to the dependability of loran fixes. Loran 
slgneds can be received under all ordinary conditions of storms, 
gales, and other severe weather. This is possible because the 
ordinary electrical interferences that accompany these conditions 
obscure the loran signal for only a few seconds at a time and the 
navigator need only wait for a few moments to obtain usable' data. 

The greatest safeguard in this respect is the fact that loran 
signals are always eu:curate when they are received at all. In 
the case of some unusixal interference that mi^t completely block 
the loreui signals, no data could be obtained at sill, ^ere is 
no "in between" condition in the use of Loran for navigation and 
as a consequence, the navigator may always feel assured that any 
loran data that he obtains will be of customary accuracy and 
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Fig, 1-9 i;avif,ator aboard sliip obtain!, r ['ositional 
data rroiri a "direct rcattlr.j;:" t;'. e loran 
re cie ver-in :ii ca tor . 
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Figure 1-10. Navicator aboard ship obtaining positional 

data fror! a compact, liglit weight type loran 
receiver-indicator. _ , 
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dspsndablllty. Jor these reasons Loran is an especially valuable 
asset to navigation during bad weather. 

M the present writing, several other electronic aids to 
navigation have been proposed, but they are In fact hardly beyond 
the developmental stage. Loran seems to be the best of the long 
ramge systems actually proven by use, particularly on the basis of 
range, accuracy, emd low susceptibility to the effects of noise and 
Interference. It is the only one which has been installed on an 
international, world-wide scale, and represents the greatest number 
of installations to date. Further, it offers Just as many possi- 
bilities of future exploitation by simplification, greater range 
and similar improvements as the other systems claim for future 
possibility. Latest tyoe loran receiving equipments are designed 
to provide direct numerical readings, thus simplifying the opera- 
tion to considerable extent and further reducing the time required 
to obtain a "fix". The equipments are ruggedly built, circuits are 
stable, and operation for extremely long periods of time without 
repair is regularly being obtained. All of the other proposed long 
distance systems make use of ordinary radio waves and thus are sub- 
ject to night effect errors, precipitation static and interference. 
Pulse systems, of which Loran is the most prominent, have outstand- 
ing Inherent freedom from these serious limitations and otherwise 
appear capable of duplicating practically all other claimed ad- 
vantages of non-pulsed systems. 


EQUIPMEI^T AVAILABILITY 


Two manufact^lrers of electronic and navigation equipment 
have loran receiving equipments in regular production, available 
for Immediate installation. Additional manufacturers are contem- 
plating entering the loran field shortly. 

Due to the fluctuating state of the market, delivery prices 
of the equipment is subject to some variation. However, the equip- 
ment can be divided into four general categories, as follows: 


Category Manufacturer Approximate Cos t 


Various, War Surplus 

Surplus Prices 

Compact, light weight 

Comparable to medlTun 


priced marine D/F 

Large Console 

Comparable to Console 


D/F 

♦Automatic 

Unknown 


*TJnder development 
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Actual cost figure* will be coneidered small with relation to the 
safety at sea which Loran affords. 

Some manufacturers of the equipment have regular established 
schools for training navigators in the use of the loran equipment. 
Since the training period Is so short, convenient arrangements to 
receive Instruction during In-port periods of the vessel may be 
made, as a general rule. 

The Installation of loran equipment on private shipping vessels 
Is going forward rapidly. Som* of the well-knovm vessels which mre 
now loran equipped Include the United States line AMERICA, the 
Cunard White Star Liners Q|[J1BN MAEf and QUEEN ELIZABETH. The 
Swddl sh—Amerlcan liners ORIPSHOIM and DBOTTNINSHOIM . and the Matson 
Steamship Company liner MATSONIA. Some other well-known line* 
operating loran equipped vessels are: Moore-McCormack. Waterman. 
Panama Railroad Line. Atlantic Refining Company and the Standard 
Oil Company 6f California. 

Transoceanic airlines using loran are: American Overseas Air- 
lines. B«0,A.C. (Atlantic Division). E.L.M. Royal Dutch Airlines. 

Pan American World Airways and Trans Canada Airlines. 

The presentation of the loran stoiy should not be Interpreted 
In the light that the new system Is the answer to all problems or 
that the fundamental Job of navigating ships and aircraft Is go- 
ing to be radically changed In the Immediate future. Loran Is 
unquestionably an Important addition to the "tried and true" 
methods of navigation. Seafaring men should not be tempted to 
abandon the reliable techniques which they have practiced In the 
past. Insteeui. the newer principles should be utilized to sup- 
plement the older methods for protection In case of failure of 
equipment, for sailing In waters where Loran is not available 
and for numerous reasons probably best known to navigators them- 
selves. 

The adoption of Loran is not a difficult thing to accomplish. 
Its use does not require the services of additional or specialized 
personnel and navigators may be trained In loran technique In as 
little time as a single day, certainly In a few days. Implementa- 
tion of the technique should be 'undertaken with care to assure 
that no accident Is caused by overconfidence In the system before 
its limitations have been fully appreciated. 


SUMMARY OP VALUABLE EBATUBES OP THE LORAN SYSTSM 


The features which make Loran a valuable tool and a highly 
regarded supplement to the art of navigation are inherent In the 
technology of the system Itself. It Is a radio device which 
makes use of the speed of travel of radio signals as Its fundamental 
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FIGURE 1-12 
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principle. This pxiallty is known scientifically to be the most 
stable and tufichanging electrical characteristic of radio waves 
and consequently the loran system stems from a firm and proven 
scientific foTindatlon. 

The outstanding features of the loran system may be summarized 
as follows: 

(1) Loran fixes may be obtained readily at long dis- 
tances from the transmitting stations. The daytime range la 
apnroxiinately J^O nautical miles and at night a range of 
1,400 nautical miles is realized. In addition to the range 
of individual pairs of stations, the Integrated loran systan 
is so arranged that coverage is available over all of the 
major shipping lanes of the world. 

(2) The accuracy of loran fixes is of hl^ order. Re- 
sults comoarable to those obtained by means of good celestial 
observations are consistently effected. 

(3) Loran operation is very nearly Independent of the 
weather. It is not affected by conditions of the sea or 

air and does not suffer from the doubtful effects encountered 
with older types of radio navigational devices such as 
direction finders, etc. 

(4) The time required to obtain a loran fix is short. 
Experienced operators usually take from 2 to 3 minutes to 
establish a fix. 

( 5 ) Operation of loran shipboard and aircraft equipment 
is relatively simple and navigators may be trained in loran 
technique in only a few days time. 

(6) Efficiency of long-range navigation is increased. 

The course sailed may be more direct with a resultant saving 
in J^el and increase in pay load, 

(7) Landfalls may be made at points close to the destina- 
tion of a vessel. 

(«) Loran fixes are independent of other navigational 
instruments such as compass, chronometer, and other radio 
equipment. No transmission from the vessel or aircraft is 
required and onl,y a single item of equipment is used which 
may be Installed at any point convenient for the navigator. 
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(9) Safety at sea Is greatly increased thro'ugh Loran, 
and in case of disaster, rescue operations are direct. A 
minimum of time is lost in searching for disabled Tessels 
when the loran position is included in the distress message. 

The increase in safety at sea will probably be reflected in 
reduced insurance premiums as the application of Loran becomes 
more widespread. This factor alone mi^t easily compensate 
for the cost of the loran equipment. 

Loran has already played a orominent role in rescue operations. 
Invariably distress at sea occur! during foul weather when deter- 
mination of position by celestial observations has been impossible 
for several days. Under such limitations, the distressed vessel's 
dead reckoning position may bo considerably in error. Late in 19 ^i 6 , 
in the Aleutian area, a distress case occurred which well lllustratsfl 
the value of Loran in the saving of life at aea. Surface vessels 
and aircraft were engaged in search operations for a barge foundei^ 
ing In he.-wy seas with S persons aboard. Positions transmitted by 
radio from the barge, 24 hours apart, were hundreds of miles dif- 
ferent though the craft was not under power. This Indicated that 
she did not have a reasonably correct knowledge of her position, 
and rescue operations were fruitless. After about l-^- days search, 
the barge was eventually located by plana. Fortunately the plane 
had Loran aboard, and quickly determined the barge's position from 
loran observations. After transmission of the loran determined 
position to surface vessels, the distressed craft was located and 
all hands rescued in a matter of hours before the water-filled 
barge sank during JO mile per hour winds. 

Thus Loran, through the medium of electronic science, con- 
stitutes a fundamental supplement to other methods of navigation, 
in assisting and protecting lives and property at sea. 


SOME FACTUAL COMMENTS BY USERS 


T;iS F ISHERMAN ; Loran saves time because trial and error methods 

of locating the desired fishing gromds or bank by soxmdings are 
avoided. The master of a trawler reports that he can obtAln a 
3-llne fix in less than 5 minutes. He also says that it is possible 
to obtain a fix whenever the net is set out, and again when it is 
hauled back about one and one-half hours later. This gives the 
exact distance traveled, which is a great help in keeping on the 
best fishing grounds. With an accurate knowledge of the trawler's 
position at all times, damage to nets and other equipment is mini- 
mized. Loran makes it possible to rush the catch to market with 
the least possible delay. 
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THE PASSENGER LINISR;— — •Comnents one navigators “Durliftg our flret 
croBSing with Loran, we ran Into aome very stormy weather. In 
one Instance, for example^ we were unahle to estahllsh our position 
by means of celestial observation for a period of three days owing 
to overcast. I was ml^ty happy to have Loran aboard during this 
period as we d^ended solely on it for determining our position." 

THE AIHLINER s— - As of March 1 , 19^7 1 least twenty-one "scheduled" 
extended overwater flights arriving or departing Honolulu make use 
of Loran in the Pacific Ocean. Pan American Airways, for example, 
has equipped all of its planes in that area with Loran. P.A.A. 
flights are as follows: 


flan Francisco to Honolulu 
Honolulu to San Francisco 
Honolulu - Southbound 


2 flints dally 

2 flli^ts dally 

3 flights weekly 


LORA.N SYSTM DESCRIPTION 


(Note. — The technical aspects of the loran system are described 
in this section for pTirposes of completeness, to be used for the 
information of persons who may have occasion to study Loran in 
some detail. The material presented is in tabluar fora and is not 
considered to be of Interest to the majority of readers of this 
publication. ) 

LORAN; A long range aid to navigation for the determination 

of position based upon the difference in times of 
arrival at the navigator's position of radio sig- 
nals transmitted from two fixed loran transmitting 
stations. 


TYPE OF 

TRANSMISSION: Loran transmissions are "pulse" transmissions. Very 

short pulses of radio frequency energy are reidlated 
at periodic Intervale which are very long com- 
pared to the duration of the uulse. Daring the 
interval between successive pulses of a station, 
no radio signal from t’nat station is on the air, 

RADIO 

FRECiUENCY; Loran signals are transmitted at the present time 

on three frequency channels: 
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PULSE 

DEFINITION: 


PULSE 

REPETITION 

RATES: 


1950 kilocycles. 
I85O kilocycles. 
1750 kilocycles. 


The lorsm pulse signal Is of approximately 80 
microseconds duration «md the rectified envelope 
has a shape similar to that of a sine wave when 
viewed on a loran receiver. It Is customary to 
measure ptiise width at one-half amplitude; 
standard width la thus considered to be 40 micro- 
seconds. 


Loran pulses are transmitted at a number of dif- 
ferent repetition rates. Differences In repeti- 
tion rate Is the means of identification of particu- 
lar pairs of stations. Specific nulse repetition 
rates are asnlgned In several general categories 
with the parMculor rates of each category be- 
ing only slightly at variance with a convenient 
rate known as the •'base rate.” Present "base 
rates" and "specific repetition or reccurrence 
rates" are tabulated below: 


BASE RATE 25 CYCLES ( PULSES) PER SECOND 

Specific rate 
designation 

Frequency 

cps 

Interval, micro- 
seconds 

0 

25 

40,000 

1 

25 1/16 

39.900 

2 

25 1/8 

39.800 

3 

25 3/16 

39.700 

4 

25 1/4 

39.600 

5 

25 5/16 

39.500 

6 

25 3/8 

39.400 

7 

25 7/16 

39.300 
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BASE HATE IH CYCLES (PULSES) 

PER SECOND 

Specific rate 

Frequency, 

Interval, micro- 

designation 

cps 

seconds 

0 

33 1/3 

30,000 

1 

33 4/9 

29,900 

2 

33 5/9 

29,800 

3 

33 2/3 

29,700 

4 

33 7/9 

29,600 

5 

33 8/9 

29.500 

6 

34 

29,400 

7 

34 1/9 

29,300 


New lor an transmitting station equipment Is capa- 
ble of operation on a base rate of 20 cps to pro- 
ride for future expansion of the system without 
requiring additional radio frequency allocations. 


LORAN TIMINO 

SIQUSHCES: (Loran timing sequences are shown graohlcally in 

flgi-l 4 ). Master and slave stations are pulsed 
at exactly the same pulse recurrence rate. The 
master pulse is transmitted first and, after 
traveling the distance of the base line, arrives 
at the slave where it is received and used as a 
timing reference. After waiting for a prede- 
termined length of time which is necessary to 
establish correct loran synchronization, the slave 
station transmits its pulse. The amount of time 
that the slave wAlts, or delay, is always fixed 
at an amount greater than one-half of the recur- 
rence Interval, smd, as a consequence, the master 
signal is always transmitted during the first 
hadf of the recurrence interval and the slave 
transmission always occurs during the second half 
of the interval, regardless of the navigator's 
nosition with respect to the stations. The sig- 
nals are received smd viewed by means of a cathode 
ray oscilloscope using a time base equal to the 
recurrence Interval but divided into two eq\ial 
half-interval traces so placed on the scope by the 
sweep circuits that two half-traces aunear with 
the first half directly above the second half. 

Both traces are horizontal in time sweep. 
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-TIME 


^ MASTER RECURRENCE 

INTERVAL 


SLAVE RECURRENCE 
, INTERVAL 


/■ 


MASTER 

SIGNAL 




SLAVE 

SIGNAL 


JL 


1 


JL 


1 


r 


SIGNALS AS TRANSMITTED 


AMOUNT OF TIME WHICH SLAVE WAITS BEFORE TRANSMITTING 


TIME REQUIRED FOR MASTER SIGNAL TO TRAVEL TO SLAVE 



TIME REQUIRED FOR MASTER SIGNAL 
TO TRAVEL TO NAVIGATOR 


TIME REQUIRED FOR SLAVE SIGNAL 
TO TRAVEL TO NAVIGATOR. 



1 —I 

1 I 

1 


^ ► 

SIGNALS AS RECEIVED 
BY NAVIGATOR 


r ^ 


■x: 


FIRST HALF OF RE- 
CURRENCE INTERVAL 
IS DISPLAYED ON 

"a" trace 


LORAN 
Tl ME 

DIFFERENCE 


LORAN TIME DIF- 
FERENCE IS 
MEASURED WHEN 
PULSES ARE MATCHED 
ON FAST SWEEP 



SECOND HALF OF RE- 
CURRENCE INTERVAL 
IS DISPLAYED ON 

" b" trace 


NAVIGATOR'S 
SLOW SWEEP 
OSCILLOSCOPE 
PRESENTATION 

NAVIGATOR'S 
FAST SWEEP 
OSCILLOSCOPE 
PRESENTATION 

(FAST SWEEP SHOWS DETAILS 
OF SIGNALS SHOWN MOUNTED 
ON PEDESTALS IN SLOW SWEEP 
PRESENTATION) 


LORAN TIMING SEQUENCES 


FIGURE 1-14 

490 





BLINKER 

SIGNAL: 


LOBAN RECEIVER- 


RADIO HBCEIVER 


OPERATING 

RADIO 

PREliUMCIES: 


The controls of the receiving Instrument are ad- 
justed until the master signal is viewed near 
the heglnnlng of the \?)per, or "A,” trace. The 
slave signal will appear in its proper place on 
the lower trace. Measurement of the loran time 
difference is made hy evaluating the horizontal dis- 
placement of the slave station with respect to the 
master in terms of time, microseconds. By this 
physical arrangement of the traces the half re- 
currence interval delay which was Introduced hy 
the slave is ,effect\ially canceled from the measure- 
ment. Loran readings thus obtained may be inter- 
preted in conventional coordinates by the use of 
loran charts or tables. A fast speed time base 
having a duration of roughly from 100 to 3OO 
microseconds is provided to permit visual examina- 
'tion of the pxilae envelope itself which is neces- 
sary to establish the precise adjustment required 
in making a loran reading. 


The timers at loran transmitting stations are equip- 
ped to uerform a function known as blinking. The 
signal is used to indicate that the transmlss'lone 
should not be considered reliable during the period 
of blinking. In general, blinking causes the 
received pxilse to rhythmically swing back and 
forth as viewed on the Slow sweep, and to rhyth- 
mically anpear and disappear on the Past sweep. In 
the few exceptions to this method, due to a dif- 
ference in transmitting equipment, there is a 
rhythmic appearance and disappearance on both Slow 
and Past sweeps. 


INDICATOR PUNCTIOKAL SPEC IPI CATION 


The radio receiver of a loran receiver- indicator is 
prbvlded with four radio frequency channels and 
may be set for operation on any of the frequencies 
tabxilatad in the system specification. In opera- 
tion, receiver tuning is fixed and a four-position 
switch provides simple means of changing channels. 
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RECEIVER 

SENSITIVITY; 


BANDWIDTH: 


DITIEHENTIAL 

GAIN 

AMPLIFIER: 


INDICATOR 


FUNCTIONAL 

PURPOSE; 


MASTER 

OSCILLATOR: 


The receiver has a sensitivity sufficiently high 
that a signal of approximately 10 microvolts de- 
livered by the antenna to the receiver input will 
result In full scope deflection of the cathode 
ray indicator. Receiver and Indicator form an 
Integrated unit and are not intended to function 
separately. 

Early designs Incorporated a total bandwidth of the 
order of SO kilocycles at 6 db down. Current 
trends are toward considerable reduction and total 
bandwidths of 40 kilocycles or less at the same 
decibel limitation are contemplated. 


The receiver Inconsorates a differential amplifier 
which operates in synchronism with the incoming 
signal recurrence freauency to oermlt amplification 
of each of the two signals received at different 
ratios. This feature permits nresentation to the 
cathode ray indicator of signals of e(iual ampli- 
tude. Sufficient range of operation is provided 
to permit accommodation of incoming signals hav- 
ing a ratio of strengths as high as 500 to 1. 
Earlier epulnments had an operating limit of rough- 
ly 100 to 1.‘ 


The indicator \xnlt contains the necessary circuits 
to perfonn all of the timing functions of the 
equipment with the required precision. It con- 
tains the sweep generators and the cathode ray 
tube for presentation of the signals received. 


The basic timing medium of the equipment is a pre- 
cision, crystal controlled, master oscillator. 

The oscillator possesses a high order of short 
time stability in the order of a few parts in 10 
million. Manual means of adjustment is provided 
to vary the frequency over a range of more than 
200 parts in a million. This adjustment permits 
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TIMIMO 

MABKSRS: 


TIME BASE: 


MATCHING 

PULSES; 


EQUIPMENT 

PO’\'ER 

HEQUIEEMENTS: 


cycling the oscillator until the timing of the 
receiver-indicator is in exact step with the re- 
curring pulses received from the transmitting 
stations. 


Through the medixan of its timing circuits, the indi- 
cator provides a sequence of precise timing markers 
spaced at convenient intervals to facilitate measure- 
ment of time sequences with a haBlc accuracy in the 
order of plus or minus 1 microsecond. 

The sweep generators provide a slow sweep as out- 
lined in the system specification which covers 
the entire recurrence Interval by means of a 
divided trace. A fast sweep lasting in the order 
of 200 microseconds or less is provided and by 
means of delay controls may be positioned to examine 
the particular section of the time base at 
which a signal appears. For convenience in 
identification and for purposes of triggering and 
delay measurement a pedestal or raised rectangu- 
lar pulse appears on the slow sweep presentation 
in the portion covered by the fast sweep. Timing 
arrangements are made to permit the fast sweep 
generator to fire at a predetermined point on both 
the upoer and lower traces. 


To measure loran time differences, the time base is 
cycled with respect to the transmissions until 
the master and slave signals appear at convenient 
points on the upper and lower traces, respectively, 
with adjustment being made such that the fast 
sweep generator fires precisely in the region of 
both signals. Thesignals are examined on the 
scope operating on fast sweep and a fine adjust- 
ment is made \mtll the pulses are superimposed or 
matched with respect to time. Time difference 
measurements are made by means of timing markers. 


Loran receiver-indicators for shipboard Installation 
are designed to operate on II5 volt (nominal) 60 
cycles, single phase, alternating current, are 
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rated at from 200 to 3 OO watts. 


KE)CEIVING 

AN'.'UffiA: 


METHOD OF 
OBTAINING 
L05AN HEADINGS 


Aircraft equipments are made to operate on voltages 
of from go to II 5 . single phase, alternating cur- 
rent, and on frequencies from 3^0 to 2,U6o cycles. 
Equipments are rated at less than 200 watts. 


Receiving antenna Installation Is slmnle since only 
a vertical wire is required. A length of 50 to 60 
feet Is considered desirable although satisfactory 
operation is exnerlenced when nhysical conditions 
require considerable decrease in the effective 
antenna length. 


The majority of loran receiver-indicator equipment 
now In use was that developed and manufactured 
during the war. This equipment requires that 
time difference determinations 's be made by 
matching master and slave ptilses and then by 
switching to additional scope selection positions 
and by reference to a set of markers, count the 
divisions and thereby arrive at the reading. 
Receiver-Indicators now being manufactured and 
Installed which Incorporate direct reading 
counters, so that once the pulses are matched, 
all that Is necessary to determine the time 
difference reading is to refer to a counter de- 
vice which shows directly the proper numerical 
reading. Equipments \ander development for futiire 
use contemplate automatic matching of nulses as 
well as the direct reading counters. 
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CHAPTER TWO 


RADIOBEACON SYSTB4 


INTRODUCTION 

An important advance toward greater safety and efficiency 
in navigation has come about in the last 24 years through develop- 
ment of an extensive system of radlobeacona. 

The coast may be blanketed in fog, all visible signals may be 
shut out by rain or snow, all so\ind warnings may be drowned by storm, 
and yet the navigator may with confidence take bearings on radio 
signals at distances which will vary with the class of radiobeacon 
on which a bearing is teken from 10 miles to over 200 miles. ?or 
over 2000 years there have been lighthouses to guide shins, and for 
more than 200 years there have been fog warnings of some sort to 
aid the mariner in thick weather, but until the introduction of 
radiobeacons he has never had a practicable method of taking accurate 
bearings on invisible objtcts. Radio has supplied this most urgent 
need of navigation by providing a reliable means of taking bearings 
regardless of the condition of the weather, a means not limited as 
to distance as are sl^t bearings, by the curvature of the earth, 
or by the candlepower of the light. This system has contributed 
greatly to the safety and efficiency of vessels, emd it constitutes 
one of the most important advances that has ever been made in the 
science of navigation. 

Every mariner and every oerson who travels upon the sea owes 
thanks to radio for its many contributions to increased safety. 

The earliest application of radio to safety at sea was communi- 
cation between ship and shore which has been the means of saving the 
crews and passengers of many foundering vessels which otherwise 
would have been listed simply as "missing." Incidental to this came 
the broadcasting over the whole sea area of accurate time and weather 
warnings, giving the mariner a freauent check on his chronometer 

and on weather conditions. Now the system of navigation from radio- 
beacons, by means of bearings taken from direction finding equipment 
on shipboard, has become well established as a most imoortemt 
method of enabling vessels to check their positions. Only 26 years 
ago, in 1921 , the first successfiil radiobeacons were established in 
the approaches to New York. 

Radiobeacon navigation is not restricted to bearings on 
regularly established radiobeacon stations as the same navigation 
principles apply to bearings on any fixed radio station whose position 
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Figure 2-1. — Cod Station, Llassaclmsetts . 

Cotablisled 1798. Rebuilt 1857. Toi: of lantern 66 
feet above ground. light 183 feet abovej -wator. 
Foundation;: rubble stone masonry. Signals: first 
oru' t.i'Jo apparatus. Flashing wliite every 5 

soconcis. Flash 0.2 second, eclipse 4.B seconds. 13,000 
candlepo;v3r . digh-power class A radiobeacon. Special 
antenna in foreground. Fog signal: liorn, diapiiragm, 
electric; blast 3 seconds, silent 12 seconds. 


496 



Is known, or on any mobile radio station, as another ship whose 
position has a significance in the navigation of the observing 
vessel. 


RADIOBKACON SYSTEM OF TrIE UNITli^D STATES 


There were on April 1 , 19 ^ 7 t In oneration on the coasts of 
this country 186 rsLdlobeacons, (Pig. 2 - 2 ), constituting a large 
system of aids to navigation. This system, operated by the United 
States Coast Guard, is Important among the system of lights, buoys, 
and other systems of aids, the maintenance of which is one of the 
principal functions of the Coast Giiard. Radiobeacons add greatly 
to the completeness of aids to navigation systems and fill an Im- 
portant gap In previously available facilities. The United States 
maintains far more radiobeacons than any other one country. 

Because of the many factors affecting navigation It Is some- 
what difficult, from an analysis of statistics, to show the effect 
of radiobeacon navigation In the way of Increasing safety, but the 
following figures are of Interest. On the Great Lakes the benefits 
from radlobeacons were remarkably effective for the four years 1927“ 
1930. In this period there were 3 L strandlnge In a group of U70 
vessels, or one for each I5 vessels. Por the four years I923-I926, 
before the advent of radiobeacons, there were j 6 strandings in a 
comoarable group of 572 vessels, or one stranding for each 7.5 
vessels. Shloping interests state that the influence of radio- 
beacon navigation was an Imoortant factor in the reduction thus 
shown. 

Further developments in equioment and In methods of use for 
radiobeacons are always under consideration for the Imorovement and 
development of the radiobeacon system. 


RADIOBEACON NAVIGATION 


Radiobeacons are radio stations Installed at lighthouses, on 
lightships, or at other ooints shown on the charts, for the sending 
out in all directions of radio signals, for the purpose of guiding 
marine navigation. Radio direction finders are spocial radio re- 
ceivers with rotating coll antennas installed on vessels by means 
of which bearings are taken on stations sending radio signals. 

When first Introduced, these Installations ware called radio fog 
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RADIOBEACON STATIONS 
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FIGURE 2-2. THE MARINE RADIOBEACON SYSTEM OF THE UNITED STATES, 1947, 





signals or wireless fog signals, as they were originally 
planned for use in fog; but they hare develoned. as will be 
described, into valuable aids in either fog or clear weather; 
therefore, the restrictive name "radio fog slgnail" was con- 
sidered inappropriate. 

In this country, the direction finding equipment on shin- 
board is nearly always installed in such a way and the trans- 
mitted characteristic signal is such that the navigator himself 
can conveniently take distinct and easy-te-recognize radio 
bearings. The general problems and practice of navigation 
are then the same when using radio bearings as they are with visual 
bearings on lighthouses or other known objects. The practical 
differences between radio and sight bearings are not differences 
in. principle, but in the availability of the former at much 
greater distances and under sdl conditions of visibility or fog. 

The radiobeacon is located at a definite point shown on the 
chart; it sends out signals by radio in all directions around 
the horizon, as does a lighthouse by means of light beams; and 
it is distinguished from the neighboring signals by a definite 
characteristic, as is also the light. 

The radiobeacon may be used as a leading mark for which to 
steer directly, the navigator correcting the course from time 
to time by successive radio bearings. Thus, such a signal off 
an entrance or other objective may be anproached with certainty 
from a considerable distance. This is a very valuable use of 
radiobeacons, eenecially when these signals are located on 
lightships, as is well illustrated by the signals on Nantucket 
Lightship and Ambrose Lightship, which guide trans-Atlemtlc 
vessels to the approaches of New York Harbor. 

The signal emitted by a radlobeacon follows a great circle 
course. Badlo bearings may be plotted without applying a 
correction on a Mercator chart if the difference in longitude 
Involved is not in excess of one or two degrees. When the 
difference is larger, a corr-ection usxially must be applied 
which will be fomd in 8 . 0 . Publication Ho. 20 ^. "Badio 
Navigational Aids," under Badio Bearing Conversion Tables. 


499 




74 * 73 * 


FIGURE 2-3. RAOIOBEACONS IN THE APPROACHES TO NEW YORK AND HOW 
THEY MAY BE USED BY VESSELS. 
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A bearing from a radiobeacon station maj be combined with in- 
formation from other sources, as from an intersecting line of posi- 
tion from an astronomical observation, from soundings, from dead 
reckoning, etc. , to locate the position of the vessel. 

A ship may also be located by radio bearings on a single radle- 
beacon by taking two bearings on a station with an Inteirvenlng 
period of time and plotting these with respect to the distance and 
course run between bearings. With radio bearings, because the sig- 
nals are not operating continuously excepting during fog, advantage 
should be taken of bearings at suitable angles as qpportunltv offers. 

The common method of locating a ship by cross bearings may be 
employed in radio navigation using two or more radiobeacons, or 
visual and radio bearings in combination. Of course, the usual 
principles apply as to employing stations which will give good 
intersections and as to allowing for the distance run between the 
times of taking bearings, if the Interval is aonreclable. 

United States radiobeacons are operated at Intervals on a 
fixed time schedule in clear weather and continuously during fog; 
adjacent stations send for successive minutes. This facilitates the 
taking of radio cross bearings, as does also the location in im- 
portant localities of two or three stations sufficiently close for 
cross bearings. 

Badiobeacons in the apnroaches to New York, Illustrating their 
use in navigation, are shown in Tigure 2-3. Figure 2-U Illustrates 
how in actual practice a navigator may fix his position by cross 
bearings on three Pacific coast radiobeacons. The angles between 
the stations in Figure 2-4 are not such that a small triangle of 
most probable position will be formed as in Figure 2-3. Such cases 
are common along some steamship routes, but the fixes are extremely 
val^lable, nevertheless, and may be good despite the small angle at 
which two of the lines cross. It will be noted that in Figure 2-4 
the correctness of the bearing of the station to the north is con- 
firmed or Independently checked by that of the station to the south 
to give the distance off-shore, while the bearing of the station to 
the east gives a cut at a good angle to determine the progress of 
the vessel along the coast. 

For additional information on accxtracy of bearings, plotting, 
and other matters, the navigator should consult the current issue 
of H.O. Publication No. 205# "Nadlo Navigational Aids." 

Radio oearlngs from a ship may, of course, be taken on any 
sending station shown on the chart, transmitting on a frequency 
within the range of the direction finder receiver. A considerable 
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FIGURE 2 - 4 . DETERMINATION OF SHIP'S POSITION FROM THREE GOOD 
RADIOBEACON BEARINGS PLOTTED ON THE CHART. 
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ntunber of such radio stations throughout the world have been listed, 
on which bearings may be taken from ships equipped with radio 
direction finder equipment, and many of these stations will, on re- 
quest, transmit signals to permit radio bearings being taken. 

However, because of their dependable and convenient operating system, 
it is mors satisfactory in navigation to use bearings on the radio- 
beacons specially established for this purpose. 

A. nuaber of cases have been reported of the indirect use of 
radio bearings in navigation. A vessel equipped with a radio 
direction finder and knowing its own position has bsen able to assist 
other vessels by maans of radio bearings. Thus, where a vessel 
seeking another in distress is unable to locate it because of in- 
accurate reported position, neither having a radio direction 
finder, a third vessel so equipped has been able to guide the res- 
cuing vessel by the use of radio bearings. 

There has, in the past, been discussion of the relative merits 
of using radio bearings obtained from the shin and from fixed radio 
direction finder stations on shore, but the question was of im- 
porteuace only in the development stage. As soon as the improvement 
of the marine radio direction finder made nractlcable the obtaining 
of reliable radio bearings from the ship, the advantages became 
apparent of having such a valuable navigational instrument located 
so as to be directly available to the navigator for the various 
and genersil uses to which It may be aoolled on shlnboard. This 
system conforms to the standard practice orf the sea in retaining 
the location of the navigating instruments on the shin and placing 
the re8pon8iblllt.7 for their use and for the navigation of the ship 
in the hands of the master. The navigator can use such chocks as 
he deems best, and knows what reliance to olace on radio bearings in 
comparison with his other means of guiding the vessel. Any nvu^ber 
of vessels properly equipped may take bearings simultaneously on a 
radiobeacon. Just as they can on a lighthouse, without interference 
with each other. 

The direction finding equipment on shipboard (see Jig. 2-5) 
has come to be recognized as a navigational instrument essential 
to all larger vessels, and has been extensively installed on 
smaller vessels. Its use tends directly to economy of operation, 
and to increased safety. 

The International Conference on Safety at Sea, held at London 
in 1929 f prescribed that, within two years after the convention had 
been in force, every passenger ship of 5>000 tons gross tonnage and 
upward should be provided with an approved radio direction finding 
apparatus (then called a radiocompass). 
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i*U^ire 2-5 • — A nodcrn radio direction finder 
installed aboard shir« 
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The use of reidloheacons greatly aide a navigator either to 
follow a desired or prescribed course, or to arold a congested 
route. It has been reported, for ezazaple, that since this system 
came into service, steamers on Lake Sv^erior have been better able 
to adhere to the west and eastbound traffic lanes agreed upon on 
that lake. 

The use of radio bearings taken on board shin may result in 
considerable saving of time. Besides the particular value of this 

in rescue and relief work, it also Increases the efficiency of 
operation of the vessel. It is fret^uently possible by means of 
radiobeacon bearings to make port in fogs ^ich formerly have pre- 
vented the ship from proceeding. 

The use of ladiobeacons on inland waters has recelTed a thoron^ 
test oh the Great Lakes, Long Island and Tlneyard Sounds, and Chesa- 
peake Bay, where they have proved most valuable. 


LOCATIOH AMD DISTRIBUTION OF HADIOBBACON STATIONS 

Badlobeacons are located atmrious sites (shore and marine) 
so that they may be of utmost usefulness to the mariner in locating 
his position. (See 71g. 2-2). On account of their much greater reuige 
it is evident that the general needs of navigation in this respect 
for any given length of coast have been supplied by a much smaller 
number of stations than are re<iuired in respect to ll^thouess, or 
to sound fog signals. 

In the United States the regular radiobeacons are divided into 
three general classes, as follows: 

Glass A - Reliable average range of 200 miles. 

B - Reliable average range of 100 miles. 

C - Reliable average range of 20 miles. 

Cape Cod Radlobeacon, Massachusetts, and Point Arguello Radio- 
beacon, California, are high power Class A radiobeacons which have 
effective ranges of about 400 miles. 

In addition to the above there is a Class D marker radlobeacon 
of low power with an average range of 10 miles, for local use only, 
which operates continuously with specleO. characteristics. 

The most powerful sound-ln-alr fog signals under favorable 
conditions may be heard at distances of 10 to 15 miles, but their 
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ordinarily dopendable range Is not over ^ miles, and, under un- 
favorable conditions, they are lost at distances shorter than this. 
The coast lights are visible for from 1^ to 20 miles and large 
lighted buoys for about 9 to 12 miles. It is therefore readily 
seen that the radiobeacons have a much greater range of usefulness, 
in fog as well as in clear weather. This is well Illustrated by 
the fact that on the outside Atlantic Coast of the United States, 
north of Cape Hatteras, there are but 19 radiobeacons. This length 
of coast requires five times this number of sound fog signals, end 
tney are effective over only 2 percent of the area served by the 
radlobeacone. The same length of coast has I 90 outside li^ts. 

In order to lessen interference, the power of radlobeacone is 
limited to that which is necessary, according to the various p\ir- 
poses of the stations. For the same reason the primary stations are 
restricted to a few widely separated points of strategic importance 
to navigation, which are valuable as leindfall stations or for long 
distance approach. 

Local, low-power radlobeacone have been plsuied on inside water- 
ways, such as Strait of Juan de Tuca, Long Island Sound, and Chesa- 
peake Bay, but the greater number of radlobeacone are of intermediate 
power, and are located and spaced to meet the usual requirements, 
both for coastwise and lake navigation, and for approaching entrances. 
These signals are now sufficient in number so that a vessel near the 
coasts of Continental United States or on the Great Lakes will 
always be within range of one of these signals and us-ually two or 
more of than. 

Bsdlobeacons are now recognized to be all-weather aids to navi- 
gation, Instead of simply fog signals as originally suggested. They 
permit bearings to be taken on stations invisible on account either 
of thick weather or of distance, and they add tremendously to the 
effectiveness of systems of aids to navigation. 

In general, radiobeacons are located at all Imoortant entrances 
and at outstanding Intermediate points along the coast. There sure 
only a few that have not been placed at established lighthouses or 
on lightships. This is advantageous because such positions are 
8ho%m on the charts and are well known to mariners and because this 
Is the most economical arrangement, both as to installation and 
operation of radlobeacone. (See Fig's. 2-6, 2-7 and 2-8). 

Lightships have been found to be the most valuable suid convenient 
stations for radlobeacone. They are in the positions of greatest 
importance to the navigator, and they may be steered for directly and 
passed on either side. All lightships have radiobeacons. 
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Figure 2 - 6 . — RadiobMoon System, Great Lakes 



United States Coast Guard 
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Figixre 2—7. — Radiobeacon System, Atlantic and GiilT Coasts 










United States Coast Guard 
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Racliobeacon Sc’^stera, pacific Coast and Islands 




In this country, during periods of good visibility, radio- 
beacon signals are sent out for one minute out of each three 
minutes, for one or two lO-mlnute periods each hour. During 
fog and low visibility they are operated continuously. 

It would be convenient to the navigator to have long, 
continuous operating periods, or even to have the radiobeacons 
send continuously without «my silences, thus making these aids 
to navigation always available, as are lighthouses euid buoys. 

The system tliat is In use Is a Compromise, adopted to lessen 
Interference. Masters of vessels who understand the necessity 
of the simple plan of operation are satisfied with the system 
and many letters have been received by the Coast Guard con- 
firming this statement. 

Vessel operators may request and obtain the continuous 
operation of a radiobeacon for purposes of calibration of ship 
reulio direction finder ectuipment, providing calibration Is 
undertaken during the station's clear weather operating schedxile 
and providing no other radlobeacon station In the same fre- 
quency- 8eq,uence group la observed In operation at the time. 

Accurate timing of radlobeacon signals Is accomollshed 
by a signed timer which In turn Is controlled by a nrlmary 
cloci:. (See Figure 2-9). The latter is checked frequently 
against Naval Obseirvatory time signals, thus making possible 
the grouping of stations with a minimum of Interference. In 
addition, the signal timer at the llglit station controls all 
timed aids to navigation signals and the starting and stopping 
of the equipment necessary to make these signals. The signals 
and equipment Include distance finding sound signals, main 
light, radlobeacon, engine generator starting, and warming 
transmitters, all controlled In their prooer sequence. 


PHEQ.UBNCY BAND RBSEHVBD FOR RiiDIOBSACONS 


The International Badlotelegraph Conference at Washington 
in 1927 la the regulations attached to the convention, pro- 
vided that radiobeacons "shall use waves of 285 to 315 kilocycles 
per second (IO5O to 950 meters)" of the types continuous wave, 
or mod\ilated continuous wave. This provision is now recognized 
by all comtrles concerned. 
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Figure 2-9- — The lineup of equipment at the class 
radiobeacon at Cape Henry Light Station, Virginia, 
of the prijaary clocks Is shoiin at the left* 



been constructed so as to be capable of taking bearings on either 
tyoe of sigialB. 


TONE 


The greatest portion of United States radiobeacons hare a uni- 
form tone mod\ilatlon of 1000 cycles per second. In the congested 
areas of Long Island and Nantucket Sounds it has been found ad- 
yantageous to vary the tonal characteristic from 1000 cycles to JjyO, 
900 , 1030 and 1150 cycles, to ^'urther facilitate identification. 


DISTMCE FINDING STATIONS 


A large number of radiobeacon stations are now equipped so 
that a vessel in the vicinity urovided with radio may, by a single 
observation, determine its distance from the station. If the 
vessel has a radio direction finder and takes a radio bearing at 
the same time, its position is at once determined by the distance 
and the bearing. Without the radio bearing, the distance observa- 
tion locates the vessel somewhere on a circle of that radius from 
the radiobeacon. As the method is dependent on the hearing of a 
sound-in-alr si^al, it is subject to the same uncertainities as 
affect such fog signals, and the distance to which it may be used 
is limited by the range of audibility of the soxmd signal. 

The signals consist of blasts from a sound-producing device (fog 
signal) synchronized with radio-tone signals. Since the radio signals 
arrive practically instantaneously (speed 186,000 ml./sec.}, the 
later arrival of the 8o\md signal (speed approximately 1100 ft. /sec.) 
gives an indication of the distance traversed by the latter, there- 
fore of the vessel's distance from the station. At disteuace 
finding stations, transmission of the characteristic radiobeacon 
signal is curtailed 8 seconds before the end of the operating 
minute, and a one-second dot followed by a five-second dash are 
transmitted simultaneously with blasts of corresponding lengths from 
the soxiftd signal device. An observation consists of noting the 
time difference with reference to any distinctive part of the signals 
— for example, the end of the long radio dash euid the end of the 
long sound blast. Dividing the time in seconds by 5.5 give® the 
distance in nautical miles with an error which shoiild not exceed 
£ 10^. The distance finding signals are transmitted only in thick or 
foggy weather when the fog signal is operating. 

The method is applicable to stations equlpued with sound-ln- 
air fog signals capable of being brou^t to full power of sound 
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in a very brief time. 


All dietance finding stations and their method of operation, 
are sho%m in Coast Qriard Light Lists covering areas where radio- 
beacons are located. 


EQUIPMEKT or A BAPIOBEACON STATION 


The radiobeacon stations, with only one general exception, are 
established at existing light stations or on lightships. The 
general exception to this practice is the radiobeacon buoy, which 
consists of an automatic radiobeacon transmitter installed on a 
lighted buoy. These have not as yet been extensively adopted. 

The eq.uipment of a radiobeacon station consists of a transmitter, 
primary clock, signal timer, warning device and accessories. All 
apparatus, sofhr as practicable, is Installed in d\:^licate with con- 
venient means for switching from one transmitter, generator, or 
signal timer, to another in case of trouble, so as to Insure 
continuity of service. 


TilANSMITTER.— The transmitter Is selected on the basis of output 
power which, in turn, is dependent on the desired range. Trans- 
mitters and power amplifiers are available for 5 » 25, 150 , 750 eind 
1500 watts output. The radiobeacon transmitter is in most respects 
similar to a communications transmitter. The distinctive signal is 
produced by keying the tone modulated carrier. 

MASTER CLOCK. “Two tyoes of primary clocks are employed to exercise 
control over timed fvinctions at the radiobeacon stations. One 
is a Jewelled, weight-driven, pendulum clock capable of maintaining 
an accuracy within i seconds in 24 hours. These clocks are in- 
stalled at shore radiobeacons where vibration is not excessive. 

The second type is a jewelled, temperature-compensated, marine 
escapement clock which has an acc\iracy within 5 seconds in 24 
hours. This latter type is used at all lightship redlobeacons , and 
at shore stations where vibration is excessive. The function of 
either type clock is to make an electrical contact once each 
minute to furnish correcting impulses to the timer, which, in turn, 
regulates the functions of the radiobeacon station. 

SIGNAL TIMER. — The heart of the control system of the radiobeacon 
station is the timer mechanism. The timer is a mechanical device 
having a series of cams eu^curstely rotated with respect to standard 
time. The cams actuate contacts to which are connected the 
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various circuits of the radioheacon and auxiliary equipment, con- 
trolling them la desired sequence and at predetermined intervals 
accurately based on standard time. As stated above, the timer 
cams are kept in synchronism with standard time by means of the 
impulses supplied through the clock contacts. The timer controls 
any or all of the following functions at the radiobeacon station: 
characteristic code tone, transmitter on and off, clear weather or 
fog schedule of transmission (one minute on - — two minutes off is 
the usual program of transmission), engine generator starting^ timing 
of lights, 80\md fog signals, submarine oscillator signals, warning 
signals, and radloteleohone schedules. 

WARNING- DEVICE. — In order to Insure reliable service from the radio- 
beacon, an automatic warning device is used in the station which 
rings a bell whenever the transmitted signal is interrupted, out 
of time, or seriously impaired in strength or modulation. Aural 
reception of the radiobeacon signal is also provided for monitoring 
p'iirposes. The unit, known as the Radiobeacon Supervisor and Alarm, 
consists of a radio receiver fed from a short antenna of B\ifflclent 
length to pick up the radiobeacon signal, a spring-wound clock 
which drives cam-operated contacts, and various copner-oxide recti- 
fiers, relays, resistors, etc,, which serve to operate a snrlng- 
wound warning bell under contingencies noted above. A loud speaker 
and an output meter provide the operator with data on the radio- 
beacon signal. 

ANTENNA. — The transmitting antenna is selected to suit the -Dhyslcal 
factors of the site, the transmitter power and the desired range. 

Eor high power radlobeacons, insulated steel towers are used. 
Antenna’ coupling houses fed through concentric cable are used with 
tower type antennas. Itr low power or limited range, a vertical 
wire with ’’T” flat-top is* satisfactory. A good gro-und is es- 
sential for an efficient antenna system, and in some locations where 
the soil is rocky or sandy, a counterpoise system of radials is 
employed. 

ACCESSORIES. — In addition to the major items described, various 
accessory and power supply iten^s are required at a radiobeacon 
station. Accessories include: racks and snecial panels carrying 
switches, terminals, cable adaptors, storage lockers and shelves. 
These items are neceesaiy for the prooer installation, inter-con- 
nectlon and switching of the radiobeacon equipment. For II5 volt, 
d-c radiobeacon station installation, a 5 ^cell storage battery, 
two d-c engine generators, and two rotary converters, are required. 
If 115 volt a-c power is available, the only power equipment needed 
le an auxiliary II5 volt a-c engine generator. Suare parts, in- 
cluding vewsuum tubes, are urovlded for maintenance purposes. 
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lilijure 2-10. — A typical marker radicbeacon on a 
lighted buoy. 
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cuss D MARKER EADIOBEACORS ON LIGHTED BUOYS 


Since there are many harhor m trances and channels where 
careful approach is required, the United States Coast Guard has for 
several years been investigating the feasibility of using small, 
automatic, battery operated Claes D radiobeacons located on buoys, 
often designated as marker radiobeacons. (See Pig, 2-10). These 
marker radiobeacons are not intended for long range, accurate 
bearings, but serve rather as local markers on which a pointer bear- 
ing can be taken in the same way a navigator takes a bearing on a 
buoy light. In order 1:0 obtain maximum reliability, the buoy radio- 
beacon transmitter consists of dual crystal controlled oscillators 
and power amplifier tube channels feeding into a common newer ampli- 
fier tank circuit which terminates in a single fixed coiqjllng coll. 
The buoy transmitters are keyed alternately and one of the standard 
radiobeacon characteristics used is as follows: Two groups of 10 
qxiarter-second dashes with a l;j-8econd silent interval between 
groups for 15i seconds with a silent period of 14 3 /^ seconds. In 
case of failure of one of the transmitters, the program consists of 
qtiarter-second dashes for 7 seconds, silent 23 seconds. As these 
marker radlobeacons on buoys cannot at present be synchronized with 
other raidlobeacons, the problem of interference is increased with 
their establishment. 

The average range for a Class D marker radiobeacon as used on 
lighted buoys, is 10 nautical miles, and there are, at the present 
writing, 2 such tyoe radiobeacons in actual operation. Both are 
located on the Great Lakes. 


RADIO DIKSCTION FINDERS PUR SHI? USE, AS DEVELOPED IN THE UNITED 
STATES 


The radio diroctlon finder is an instrument for observing, 
by means of radio, the direction of a station sending radio sigimls. 
Briefly, in navigation, it is an instrument for taking radio 
bearings. As generally used in marine navigation in the United 
States, it consists of a loop antenna mounted above the ship's 
pilot house, with its axis extending downward into the pilot house, 
and cariying a handwheel and reference wires or lines over a mag- 
netic compass, dumb compass, or gyro repeater, in the pilot house. 
(See Pig's 2-5 and 2-11). This loon ceui be rotated by the 
navigator or observer, swinging the reference wires over the com- 
pass. The loop is connected to a radio receiver in the nilot 
house. Using this receiver, the navigator -Dicks up the desired 
station, then revolves the loop and notes the varying strength 
of the signal until a point is reached where the signal is lost 
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2-11. — Weather-proof housing of a modern radio 
Erection finder loop antenna mounted abovedeck. 
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entirely or nearly lost. This is called observing the minimum. 

At this Doint the nlane of the loop I9 perpendicular to a line 
connecting the ship and the station heard, and the reference 
wires are so placed with respect to the loop that they then 
point directly to the station. By carrying the direction from 
the wires to the comoass beneath, or by other simple means, the 
ship *8 officer is able to read the direction of the station. 

Such radio bearings may then be used in navigation on the same 
general principles as sight bearings are used. 

In a well-designed and adjusted radio direction finder, the 
point of minimum, or no signal heard. Is sharp, and bearings may 
be takien with an accuracy of 1 or 2 degrees, Evan when the 
minimum is not well defined, a fairly accurate bearing may be 
obtained by swinging the loop to each side, until the signal be- 
comes just audible, and taking the mean of the readings in these 
two positions. 

The method of radio direction finding is based on the 
directive properties of the so-called coll antenna when used for 
the reception of radio signals. The radio direction finder 
includes a coil antenna, and operates on the principle that the 
amount of electromotive force induced in the vertical loop of wire 
by an arriving electromagnetic wave depends on the angle between 
the plane of the loop and the wave front. When the plane of the 
coll is parallel to the direction of the sending station, the in- 
tensity of the signal will be a maximum. As the coll is rotated, 
the Intensity of the sigiml diminishes until a minimum is reached 
when the plane of the coil comes to a position at right angles 
to the line of direction of the signal. The directional charac- 
teristic of a coll antenna is Illustrated by the diagram in Figure 
2-12 where the disteuice from the center of the coil to any point 
in the circumference of the circles is proportional to the strength 
of the signal from a direction passing through that point. 

As the diagram indicates, the minimum is well-defined, and 
the maximum is not; that is, the strength of the signal varies 
rapidly with movement of the coil near the minimum, b\it varies 
slowly with movement near the raeiximum. For this reason, the 
minimum is used in observing bearings. Otherwise there would be 
important advantages in taking bearings on the maximum, in the 
way of greater audibility and of thus diminishing the effect of 
interference. 

In a rotatable coll of practicable size the voltage induced 
by a radio signal is very small. For the employment of such 
small coils for radio directian finding purooses it is essential 
that there be great amplification. 
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FIGURE 2-12. ILLUSTRATING THE DIRECTIONAL CHARACTERISTIC OF A 
COIL ANTENNA. 
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The radio direction finder ahoxjid preferably o« installed 
in a poGition easily accessible to the ship's navigator. The 
navig8.tor desiring to take a radio bearing simply closes a switch, 
adjusts a single tuning capacitor until characteristic signal of 
the desired radiobeacon is heard, and rotates the radio direction 
finder loop until the sound becomes a minimum or is Inaudible, 
and then reads the radio bearing. No knowledge of radiotelegra-ohy 
is necessaiy on the part of the navi^tor. 

It is especially important timt a radio direction finder 
should have good selectivity, so as to be able to eliminate 
interference from other radio signals on other frequencies when 
taking a bearing. For the usual needs of navigation it is not es- 
sential that it be capable of taking radio bearings from great 
distances. 

There are several other types of radio direction finders in 
other countries, the most widely used of which is the fixed- 
loop (Bellini-Tosl) direction finder, which employs a small 
rotatable search coil. All radio direction finders, however, 
operate on the same basic principles. 


CONTINUOUS CABRIER BADIOBEACONS FOR AUTOMATIC SADIO DIRECTION 
FINDER USE 


In addition to the manually operated types, there have been 
developed and placed into use radio direction finders with auto- 
matic operating features. These devices, when manually tuned to 
the desired station, will rapidly and automatically indicate the 
bearing of that station. Automatic radio direction finders (ADF's) 
are probably used to the greatest extent by aircraft, since time 
is an important factor in that method of transportation due to 
the relatively high speed of travel. However, these features 
have anneal to maritime users, and many ADF's have been Installed 
on shipboard. Marine radiobeacons have for some years been little 
used by owners of ADF's, because Interruntion of the carrier by 
the keyed characteristics would cause the indicating needle to 
fluctxiate ranidly. ADF's have been successfxilly designed for 
aircraft use which will operate nroperly on ordinarv radiobeacon 
signals, but there la no marine ADF yet on the market which will 
do so. 

Experiments were recently undertaken by the Coast Guard to 
determine the modifications necessary to existing radiobeacons 
so that the service might be used by ADF eqiilpment having the a- 
bove described limitations. Results indicated feasibility of 
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changing the method of tranBrnieslon. during the first minute of 
the three minute cycle, in such fashion that a continuous carrier 
exists for the entire minute, and to which the keyed characteristic 
is apulled as modulation. The experimental findings ha-ve "been 
carried into pi'actlce in the case of 10 radiobeacon stations at 
the present writing. In addition, in cases where this modifica- 
tion to eQUlpment has been made, the ooerating schedule has been 
changed to continuous operation, regardless of the condition of 
the weather. The extent of additional conversions to this type of 
operation is influenced by two urinclpal factors, i.e., the 
extent of Interference and the degree of demand. The use of non- 
automatic radio direction finders is not affected, except that 
the time of availability of the service is increased. 


SOME PACTUiiL COMl'IENTS BY USERS 


The following are a few quotations taken from maritime publi- 
cations, and voluntary opinions expressed in letters from maritime 
interests: 


“The Badlo Direction Finder is certainly the most valuable aid 
to navigation since the invention of the compass . ” 


“ “"permit me to advise that I have received numerous and very 
favorable reports concerning the synchronization of sound and radio 
fog signals. Personally, I feel that •this is one of the major 
Improvements which has been inaugurated 


"The great development of the direction finder which enabled 
a ship to grope its way in fog and the gradual increase in the 
numbers of wireless beacons on shore had further added to safety." 


"The modern radiocompass or radio direction finder has, in 
fact, become one of the most precise navigational instruments now 
available to those whose everyday business takes them to sea" 


"During our last two voyages we have had very satisfactory re- 
sults from this particular radiobeacon and have found it very use- 
fvil when making Boston in foggy weather. I personally obtained a 
bearing on this beacon at a distance of 200 miles, and the signals 
were very clear and distinct." 

"It is evident that the underwriters must place great Importance 
on the use of direction- f inding apparatus, for it is most unusual for 
them to allow reduced premiums in respect to any specific aid to navi- 
gation, preferring to let such aids win their own reward eventually 
by reducing claims and consequently premiums." 
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CHAPTER THREE 


RADAR 


INTRODUCTIOM 


The Coast Guard by virtue of its close association with the 
maritime world in perfonning the functions of saving life and 
property at sea, and maintaining and operating aids to navigation, 
is especially interested in the development of radar for use at sea. 
Long before the secrets of radar wore released to the American 
public, its application as a safety feature on merchant ships had 
been realized by the Navy and Coast Guard by reason of their use 
and reliance on this equipment. This remarkable technological 
achievement, conceived long before the war but brought to prac- 
tical success only by the impact of war, has already become one 
of the most important single safety features ever put to use on 
merchant ships. As time goes by, it can be reasonably ejected 
that radar scopes on the bridges of ships will be as common a 
sight as the gyro compass. 

HISTORICAL BACKGROUND 


Radar was born when it occurred to different persons inde- 
pendently and in different parts of the world that the pulse tech- 
nique could be used to detect and range objects such as aircraft 
and ships. This idea seems to have occurred almost simultaneously 
in America, En^and, France, Geimany, and perhaps also in Japan. 
Scientists in these countries worked secretly on problems of in- 
creased power output, shorter pulses, directional antenna systems, 
and many other practical aspects of the problem. 

The basic principle of radar -(the name is derived from "Ra- 
dio Detection and Ranging") is not a difficult one. In 1886 it 
was proven that radio waves are reflected from solid objects. 

In 1904 , a Oennan engineer was granted a patent in sevex^ coun- 
tries on a proposed way of using this property as an obstacle 
detector and a navigational aid for ships. A discovery which 
led to the actual development of radar was made in 1922 by two 
scientists working at the Naval Aircraft Radio Laboratory, Ana- 
costia, Md, Testing plane-to-ground conmunications, they no- 
ticed that ships moving in the Potomac River distorted the pat- 
tern of radio waves, causing a fluctuating signal. From this 
discovery, development was pursued almost continually after that 
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until I935f when Congress provided a $100>OCX) appropriation to 
the Naval Research Laboratory for the specific development of ra» 
dar* A rather crude radar was tested successfully in 1937 aboard 
the U. S. S. LEaR?, and a greatly improved one was given exten- 
sive sea trials on the U. S. S* N£V« YORK in 1939* Before that> 
experimental work conducted from the ground es^^loyed a variety 
of ships and aircraft and the dirigible AKRON* 

The development of radar moved so rapidly through the last 
years before the war and the early years of the war Itself that 
only the radar specialist had any real knowledge of its behavior 
and its capabilities* Yet the immediate demands of war made it 
necessary to e:qpand suddenly and tremendously in all directions 
at once* 

STUDY OF RADAR BY THE COAST GUARD 

As the war progressed and the existence of radar became 
known publiclyj the Coast Guard was approached by commercial 
ship operators with requests as to how radar could be used for 
commercial navigation* While the Infoimation could not be re- 
leased under wartime restrictions* the need for such a study was 
realized and an extensive program to collect data was undertaken* 
The U* S* C* G* Cutter MACKINAW was radar equipped specifically 
for study of conditions on the Great Lakes* Additional ships and 
planes were equipped and specialized personnel assigned for a 
study of conditions on the Grand Banks during the 1943 Ice Patrol* 
Various harbor craft were equipped and studies on the employment 
of radar in harbors were made* To coordinate activities a radar 
study group whose sole purpose was to disseminate existing inform- 
ation and accumulate new data was established at Coast Guard Head- 
quairters in the early part of 1943* The employment of radar as a 
collision prevention device and as an aid to navigation was evi- 
dent immecdately* 

The Coast Guard has determined a set of recommended minimum 
specifications for radar installation aboard merchant vessels 
that has served as a mutual starting point and impetus for future 
study and development of this equipment to further ensure the 
safety of lives and property at sea* Realizing its possible use 
in conjunction with other electronic aids to navigation* the Coast 
Guard felt that favorable consideration should be given to arriv- 
ing at uniformity of design and standardization and that every 
effort should be made to provide simplicity of operation with 
optimum performance* The problem* however* la broad in its scope 
because of the varying operational requirements of the ship opoj>- 
ators and the axpense Involved* 
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In carrying on this work consideration was given to the ex- 
perience and knowledge gained during the war, to the eoq>loyinent 
of a merchant marine radar with present and contemplated naviga- 
tional aids, and to the possible future effect that such instal- 
lations would have on the revision of present navigational laws 
and possible reduction of insurance rates* As a i*esult, three 
sets of minimum specifications were piepazed by the Coast Guard, 
with the cooperation and assistance bf the Navy Depairtment and 
Radiation Laboratory* The specifications were subiu.tted at a 
conference of radar manufacturers and representatives of the mari- 
time industiy as a basis of discussion* As a result of this meet- 
ing a new and more complete set of recommended specifications has 
been issued* 

Nothing in the revised specifications is to be considered as 
a limitation upon the number of improvements or innovations which 
may become desirable as the art of microwave detection and naviga- 
tion is developed* As in tlie past, the Coast Guard will revise 
these suggested specifications to reflect additional knowledge 
acquired through investigations of new equipment, contact with 
en^neering representatives of manufacturers, contact with ship- 
ping interests and conferences with developmental agencies and 
interested nations* The specifications are purely recommendatory 
in nature and have no administrative statutory relationships to 
other merchant vessel equipment required by the Coast Guard. They 
are promulgated in the public interest and serve only to further 
that Interest* 

The Advisory Minimum Specification Briefs are to be found 
in the appendix* 

military vs ccm£Ercial requiremen ts 

Since radar was developed for puiposes of detecting and rang- 
ing in warfare, many features of wartime radar were not suitable 
for direct application to commercial types* Some of the differ- 
ences in requirements for the two purposes are discussed in the 
following paragraphs* 

In the case of wairtime radar it was necessary that the eneny 
be detected at great distances, hence the radar sets were very 
powerful* Commercial shipping has no such requirement and conse- 
quently sets need not have such great range and power* 

The initial cost of equipment and cost of operation was 
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secondary in wartime^ but is very io^}ortant to the commercial 
operator* The armed forces had trained crews whose only Job was 
to operate and service the radar* The commercial radar ^ however, 
must be designed for easy operation by personnel with little or 
no training* 

The above considerations have demanded and allowed simpli<» 
fication in the commercial radar sets* A compromise, however, 
between simplification and operational capabilities must be made* 

Space limitation is another important factor that has 
dictated to some extent the design of commercial radar* Wvile 
the armed forces had entire rooms devoted to radar equipment, the 
commercial radar must have its various components such that they 
can be placed where space and convenience will allow, the only 
x^qulrement being that the Indicator be in the wheelhouse* 

KUEF DESCRIPTICW OF RADAR COMPONENTS 

Basically radar employs very short electromagnetic waves and 
utilizes the principle that these waves can be beamed, that they 
travel at a definite ^eed in a straight line and they will be 
reflected from any discontinuity in the medium through which they 
are transmitted* 

The typical surface radar consists of five coiiyx>nents, the 
transmitter, modulator, antenna, receiver, and indicator* In 
addition to these eoo^x>nents, power supply is an liqportant factor 
to be considered in determining the actual characteristics of any 
radar set. While the physical fom of each of these parts may 
vary widely from one type to another, all radars contain them* 
Figure 3-1 illustrates the arrangement of the fundamental com- 
ponents in a block diagram* 

The transmitter consists of the radio frequency oscillator 
which produces the electromagnetic waves of energy* Because of 
the necessity for beaming this energy, while at the same time be- 
ing able to receive suitable echoes, the oscillator generates 
very high-frequency energy* The development of a suitable oscil- 
lator with sufficient power has been one of the major accomplish- 
ments of the radar technicians* 

In order that range may be determined accurately, electro- 
magnetic waves are emitted in the form of pulses and each pulse 
is transmitted for a very short period of time, one-mllllonth 
of a second (1 microsecond) or less* After each pulse the tran»* 
mitter is silent while echoes from that emitted pulse aire being 
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Block Diagram of Radar 

Fij. 3-1. 
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received. The procedure is then repeated about one thousand 
times a second. The modulator « or keyer^ is the unit iihich turns 
the transmitter on and off and forms these pulses. 

The antenna assembly is so designed as to beam, the energy 
at the target^ normally being accon^lished by the use of an 
antenna and reflector in much the same manner that the headlights 
of an automobile are directed. The echo is received back through 
the same antenna and directed to the receiver. The antenna must 
be directional and concentrate the radio energy into a well- 
defined beam, since this is the method by which the direction of 
the detected objects is determined. It must also be capable of 
being rotated or trained in order that the surrounding area can 
be properly scanned. 

In the receiver, which employs the superheterodyne principle, 
the radio energy reflected back from the target is converted into 
a form that may be presented visually on an indicator or scope. 
Since a very small amount power is reflected by an object the 
receiver must amplify it many times. Because the same antenna is 
used for outgoing and incoming signals a method of disconnncting 
the receiver from the antenna ie needed during intervals when the 
transmitter is operating. Due to the rapid switching that is 
necessary, an electronic switch is used. 

It is the indicator of a radar that presents the information 
collected in the form best adapted to efficient use of the equip- 
ment. The indicator commonly used in navigation is the plan- 
posit ion- indicator, commonly abbreviated PPI, which presents on 
the scope a continuous polar picture of the surrounding area. 

RADAR FPJ;'jUE.XY BA?JDS 

The following bands are now provided in the United States 
for merchant oiarins radar and associated beacon: 

Radar Beacon 


10 Centimeter 3000 - 3246 3256(mc) 

5 Centimeter - 5460 - 5650 5450(mc) 

3 Centimeter - 9320 - 9500 9310(mc) 


The 5 centimeter band has been allocated in order that the 
opportunity be provided to determine idiether radars operating 
in this band might combine many of the desirable features of 
those in the other two bands. Equipment operating in the 5 
centimeter band is not yet generally available, and no advi- 
sory specifications have been prepared for equipment in this 
band. 


528 



PROGRESS TO DATS U THE COmtfiRCIAL RADAR FIELD 


The advisory specifications have in general been accepted 
both by radar manufacturers and shipping interests alike* Manu- 
facturers have adhered very closely to them and in many ways 
have exceeded their requirements, and shipping interests have 
required that the radar they pujTchase actually does meet the 
specifications. In general, therefore, the specifications have 
more than served the purpose for which they were intended and 
have been an important factor in the rapid progress that has 
been made in the manufactui*e and installation of commercial 
radar* 


Five United States manufacturers now have radar equipment 
available for sale to the general public* It is impossible to 
select a certain manufactuirer's radar as superior to that of arv- 
other; selection must be based primarily upon the use to be made 
of the radar, upon the installation problem in the case of a 
particular vessel to be equipped, and upon the particular tastes 
of the user. The various aspects of the problem of selecting 
and installing a merchant marine radar are discussed in some 
detail later. 

There are over 100 commercial type radars installed on 
United States vessels at the present time, and new installations 
are being made almost every day. Installations have been made 
on many different types of vessels operating in various waters* 

It is e^qjected that this program will continue and that an 
ever-increasing number of ships will be radar-equipped* 

Figures 3-2 through 3-14 show various types and views of 
marine installations and components of eouipment* These pictures 
indicate how some manufacturers have met certain of the problems 
that have come up with regard to commercial radars. The aoiount 
of flexibility to be found in the available commercial radar 
sets is also illustrated* 

People in many fields have shown interest in ccanmercial 
radar installations and have made visits to or trips on vessels 
to observe the equipment. Ship owners, captains, pilots, ad- 
miralty lawyers - all have an interest in radar* 

The Coast Guard, in the course of its study, and in con- 
nection with the issuing of the advisory specifications, has 
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accumulated a considerable amount of Information from actual 
users of the conunercial radars* All such testimonials ax*e con- 
aistent in that all praise radar* Masters of some vessels have 
come to rely upon radar to such an extent that they consider it 
almost essential to navigation and the safe operation of their 
ships* 


Reports from vessels utilizing radar on the Great Lakes 
have been particularly enlightening. The following are excerpts 
taken from such a report: 

"•***The actual practical operation of the set from the 
navigator's point of view is quite simple and consists 
of turning a few knobs on the control panel* Our 
knowledge of where the various aids to navigation and 
points of land, etc*, should be, is to our advantage 
in using radar on the Great Lakes® After clearing hai^ 
bors and rivers, getting into the open lake, the pic- 
ture broadens and ships and points of land in all di- 
rections having a variable distance up to about forty 
miles are plainly visible* 

"The most ccMforting feeling for a navigator is 
when he hears a fog whistle ahead and can definitely 
establish the bearing of the ship sounding this fog 
whistle* The next step, then, is to change the course 
accordingly so a safe passing can be accomplished* 

"^Vhen I had used the set for about one month, I 
got caught in the Soo River in a dense fog* We were 
light and proceeding at a moderate speed. ****We 
navigated from Johnson's Point to the Soo without en- 
countering any difficulty, almost entirely by radar* 

As we approached the Soo piers, the weather was so 
thick we could only see about 200 feet* I called the 
Lock Master by radio telephone and was given the 4th 
lock, which at that time was the only lock I could 
use because of boats tied up to the approaches of the 
other locks* 

"After getting up to within one mile of the piers, 
we recognized clearly their outline, and could see the 
angle at which we were approaching* This was at 2:00 
o'clock in the morning and we did not see the lights 
on the piers until we were almost abreast® We locked 
through and proceeded toward Big Point* I might mention 
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lisref we had passed a number of boats anchored in the 
river. They also showed up on the indicator and we 
could note very clearly the direction in which they 
were lying”. 

Radar has proved to be of great value in saving transit time 
between ports, since it permits ships to proceed on their way 
where otherwise they could not do so because of fog or other ad- 
verse weather* Such was true in the case of one of the large 
ocean liners, whiclv was able to proceed into New York harbor 
during a fog* This of course, resulted in a considerable sav- 
ing in money and time* For this reason, also, maixy vessels 
plying the rivers of the United States have been and are being 
radar-equipped* Fogs, for example, are especially prevalent 
in the Ohio Valley in the fall and may reduce visibility to 
no more than about 23 feet, forcing vessels without radar to 
tie up for as much as two days at a time to await the lifting 
of the fog. It has been estimated, in fact, that because of the 
saving in transit time, ship operators may pay for the radar on 
a ship in less than a year* 

In the past, various marine disasters resulting from poor 
visibility have resulted in the loss of many human lives, to say 
nothing of the loss of valuable cargo* More than one such disaster 
has resulted in the loss of over 1,000 lives* 

No one, of course, can say how many collisions have been and 
will in the future be averted because of the advent of radar* 
Suffice it to say, however, that radar, when properly used and 
relied upon, madces collision almost impossible* All available 
safety precautions must, in fact, be taken to avert collisions 
during inclement weather* This is borne out by an interesting 
case recently tried in a Federal court. The court decided that 
the failure of a vessel equipped with radar and carrying coo^e— 
tent operators to use the radar while underway in low visibility 
was directly contributory to the collision in which the vessel 
was involved* It was held that the use of radar, where avail- 
able, was one of the ordinary precautions not to be neglected 
under the dictates of Article 29 of the Rules of the Road* This 
was based upon the fact that ample demonstration had been made 
of the usefulness or availability of radar as an antleolllsion 
device* 

The value of radar, therefore, as a navigational and anti- 
collision device for commercial use has been definitely estab- 
lished and much progress has been made toward production and lr>< 
stallatlon of the equipment* Not only is radar Justifiable from 
the standpoints of economy and safety of life and property at 
sea, but its value is such that probably few will find they can 
afford to be without it* 
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Fit'. 3-2, Basic units of one type radar: (1) indica- 
tor; (2) transmitter-receiver; (3) antenna. 
These three units are all that is required 
on ships '«ith alternating current supply. 
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Fig. 3-3. Face of one type indicator shoving controls: 

(1) scope; (2) bearing carsor knob; (3) range 
selector switch; (4) sensitivity (receiver 
gain) control; (5) niain control switch; 

(6) indicator light; (7) marker contwl; 

(8) brilliance (intensity) control; (9) azi- 
muth scale knob; (iP) azimuth scale and 
bearing cursor light controls# 
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Pl«. 3-4. Indicator mounted in the wheelhouse. 
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n?. Tranaadttcr unit. 
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Fli?, 3-10 » Antenna enclosed in dome. 
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Fi^. 3-11 • Details of radar antenna aa mounted atop 
the pilot house. 
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CONSIDERATIONS INVOLVED IN THE fiF.T.iy.TTnM AND INSTALLATION OF A 
MKRnHAWT MART^E RaD:\R 


Two factors are most important in selecting a merchant marine 
radar: the use to be made of the equipment, and the Installation 
problem encountered on the ship to be equipped* Commercial radars 
have been purposely designed to be somewhat versatile and some 
compromises have been necessary* Due> however, to the many factors 
involved in the design of any radar equipment, each type offers 
certain advantages* It was the purpose of the advisory specifica- 
tions, in fact, to outline the characteristics considered desir- 
able for various applications. The following paragraphs, there- 
fore, are intended to point out the considerations involved in 
the selection and installation of a commercial type radar, and 
to indicate the reasons for some of the requirements contained 
in the advisory specifications, 

RESOLUTION: Due to the type of presentation on a PPI, resolution 
is divided into two components, resolution in range and resolution 
in bearing* Resolution in range is the ability to distinguish 
between two targets on the same bearing and closely spaced in 
range* (See fig. 3-15). Resolution in bearing is the ability 
to distinguish between two targets at the same range but slightly 
different bearings* (See fig* 3-16)* While the insult of good 
resolution in range and bearing is a clear sharply defined PPI 
picture, giving an accurate contour of land and definite pips 
for small targets, a radar of poor resolution would have a 
blurred and fuzzy appearance with targets blending together on 
the* r-cope* 

The resolution in range is a function of puls< length, tlse 
shape, and receiver fidelity* /vhile the returning e ,hoet a 
successively amplified by each of the intermediate f -equenc md 
video circuits of the receiver, should these circu.io i modify the 
returning echoes, poor range resolution will result The o; '.i- 
mum band pass of the receiver should consequently be ; rom 1,2 
to 1,5 times the reciprocal of the pulse duration in microseconds* 
As the pulse duration T in microseconds is equivaleiii- to I 64 T in 
yards any targets separated by less than this value will appear 
as a single target. 

The resolution in bearing is directly dependent on antenna 
beam width. For any set frequency, beam width is a function of 
the antenna dimensions, decreasing as the antenna dimensions in- 
crease, Fortunately, as we narrow beam width to improve resolution. 
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RANGE RESOLUTION 



A. PIPS ON SCOPE ARE BLENDED TOGETHER WHEN DISTANCE IN RANGE BETWEEN 
SHIPS IS LESS THAN DESIGNED RESOLUTION FOR RANGE, 


CESS mm 
EDO yt/t. 



B. PIPS ON SCOPE ARE TANGENT WHEN DISTANCE IN RANGE BETWEEN SHIPS IS 
THE DESIGNED RESOLUTION FOR RANGE. 




C. PIPS ON SCOPE ARE DISTINCT FOR EACH SHIP WHEN DISTANCE APART IN 
RANGE IS GREATER THAN DESIGNED RESaUTION FOR RANGE. 


Pig. 3-15. 
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BEARING RESOLUTION 



TWO TARGETS WITHIN THE BEARING RESOLUTION APPE.AR AS A SINGLE PIP 



TWO TARGETS SEPARATED 



TWO TARGETS SEPARATED BY MORE THAN THE BEARING RESOLUTION ANGLE 
APPEAR AS TWO SEPARATE PIPS. 


Fig. 3-i6, 
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we increase the over-all gain of the antenna system* However, 
there is a practical limit of about 1° or 2® where further n£U>- 
rowing of the beam causes targets to be missed due to the small 
number of pulses that will strike it as the antenna scans the 
target • 

Fanning or spreading of the beam in the vertical plane is 
desiired to eliminate any necessity for stabilization of the an- 
tenna, that is to retain energy on the surface as the ship rolls* 
This in turn considerably reduces the vertical dimension of the 
antenna* The wide beam in the vertical plane will result in 
soiDe loss of azimuth resolution ahead as the ship rolls, and 
abeam as the ship fitches, which again brings out the futility 
of decreasing the horizontal beam width beyond about 1° or 2°* 

If the PPI is not stabilized in azimuth (true bearing present- 
ation) there will be an appreciable decreasein bearing resolu- 
tion and a smearing of the picture as the ship yaws. Another 
limitation, though relatively unimportant with antenna beam 
widths above 2®, is the consideration of how closely the PPI 
scan can be made to follow the antenna* 

It is extremely difficult to design a reflector that will 
direct the radiated energy in a pencil beam. There are generally 
some side lobes of radiation. These lobes in the hozdzontal 
plane should be sufficiently small to be relatively unimportant 
as compared to the main lob. In most cases, if these side 
lobes are from 25 to 35 decibels down, no further difficulty will 
be encountered. No harm results from side lobes in the vertical 
plane other €han wasted energy directed skyward. 

In addition to the above, both range and bearing resolution 
will be limited to the size of the spot of li^t on the scope 
caused by the electron beam. Because of this spot, which is not 
pin point and is the same on all range scales, the range and 
range scale at which the desired resolution is expected should 
be stated. For example, in figures 3-15 end 3-16, the resolu- 
tion is illustrated at 1 mile on the 2-mile scale. 

Because of the many factors entering into resolution it is 
generally ejqpiressed as the result to be esqjected providing the 
equipment has been designed properly for these factors* 

COVERAGE: Because of the fundamental nature of the electromag- 
netic waves employed in radar the coverage of a surface radar will 
be improved by increasing either the antenna height, or the 
frequency or both* At the present time, however, there is a 
practical limit to which the frequency may be incireased. The 
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attentuation of electromagnetic waves by the atmosphere is a 
function of frequency and Increases at an amazing rate at fre- 
quencies corresponding to wavelengths below 3 centimeters* 
Likewise at the shorter wavelengths such conditions as rain, 
snow, and fog appreciably reduce coverage* Over-all consider- 
ation Indicates the most desirable wavelength Insofar as 
coverage is concerned would be somewhere near 3 centimeters 
with good results obtainable with wavelengths as long as 10 
centimeters* 

In general, a radar is limited in coverage to about 15 
percent beyond the visible horizon, and has a minimum practical 
range limit of approximately 100 yards* (See fig* 3-17)* 

The maximum range is increased by increasing the height of the 
antenna and in a like manner a higher object will be observed 
at a greater range* It is not unusual for a good radar to 
pick up objects as far away as 100 miles providing they are 
above the visible horizon* Atmospheric conditions play an 
important part in range coverage at distances greater than 
10 or 15 miles. However, we are primarily interested in ves- 
sels located in the area between the minimum range of the 
equipment and the horizon* The subject of the vertical beam- 
width has a bearing on range coverage. The beam must be suf- 
ficiently wide in the vertical to illuminate with electromag^- 
netic energy all targets from the minimum range to the maximum 
in order that all ships 'will be indicated. 

Power output has a considerable bearing on range coverage. 

It is well known that the reflected energy fz^ 3 m the target to 
the antenna is an inverse fourth power function increasing to a 
much higher power inverse function at a distance somewhat short 
of the horizon. Hence small increases in power do not mean 
much in increased efficiencies. At the same time the realized 
power is considerably affected by the losses in the transmission 
line and antenna, the antenna gain, the receiver gain, and other 
factors. A large amount of power is essential to Insure the in- 
dication of all above water objects in the vicinity of the radar* 
The real target illumination will also be a function of the 
pulse rate and speed of antenna rotation as the radar is pulsed 
at the same time that the antenna rotates* Electromagnetic waves 
cannot pierce conducting surfaces of any practical thicknesses* 
Therefore, masts, stacks, smd other obstructions will give 
shading effects, and objects located in the shade of these ol>- 
structions will not be indicated. The desirable ^eed of anten- 
na rotation is tied in with the cruising speed of the vessel 
and the retentivity of the PPI tube* One might reason that by 
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increasing the frequency and repetition rate, that more desir- 
able coverage might be obtained with a small, antenna. This, 
however, is not true. We cannot pulse faster than the time re«> 
qulred for the return of echoes. 

With too low a pulse repetition rate targets will be passed 
over as the surrounding area is scanned while too slow a scan- 
ning rate will not keep a continuous picture on the PPI scope 
because of fading of the illumination after the beam has swept 
by the target. Thez^fore, with a slow antenna rotation a low 
pulse repetition rate should be used and conversely with a fast 
antenna rotation a high pulse repetition rate would be needed. 

A compromise is consequently necessary* A speed of antenna 
rotation from 6 to 15 times per minute and a pulse repetition 
rate greater than 800 pulses per second produces the best 
suits. 

indicator DISPLAYS : On the indicator is presented all the in- 
fonnation collected by the radar. Althou^ there are mar\y ways 
of presenting this information the PPI is considered the most 
advantageous and desirable from a mariner's point of view. 

While the distance from the center of the scope to the outer 
edge represents the range fnan the radar to the radar horizon, 
this range may be set to suit the Individual needs of the user 

depending upon the areas in which he will operate and possible 

use to the scale of the charts. Generally a number of dif- 
ferent range scales are available to be selected at will. The 
choice of the lowest range scale, although dependent on mag- 
nification desired for operating in confined areas, has a 
lower limit dependent largely on the resolution. 

The size of the PPI scope will to some extent govern the 

range scales that should be used. The size of the scope, how- 

ever, is essentially a matter of individual preference. As the 
radar provides an excellent means of precisely measuring range 
and bearing it is believed that range and bearing knobs should 
be provided with precise means of detennining these factors, 
particularly on the better type radars. Even less expensive 
radars should retain the means for precise bearing measurement 
as this factor is predominant in determing whether or not two 
ships are on a collision course. The methods of determining 
range generally used are by means of a movable range ring 
geared to a dial or counter and by using fixed range markers 
(circles) to which the range of an object may be referred. 

Means should be provided to eliminate the range circles when 
not in use. 
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In measuring bearing, there are two methods available* The 
first is by consideiring the top of the scope as being in line 
with the bow of the ship and measuidng the bearing relative to 
the bow of the ship* This method has distinct disadvantages: as 
the ship turns in one direction, the pips on the scope move in 
the opposite direction causing a trail to be left on the scope 
due to its persistence. In addition the PPI must be closely ob- 
served during the turn or later confusion will result in the 
new placement of objects about the scope* In the second method 
of bearing indication which has won favor with the Navy, the PPI 
is stabilized in azimuth so that the top of the PPI is always 
north* A marker is then flashed when the £uitenna is pointed 
toward the bow to indicate true heading* This method enables both 
true and relative bearings to be determined readily, preserves 
the resolution of the equipment and does not have the undesirable 
feature of the relative bearing presentation* The picture on the 
scope is then similar to a chart with the addition of the movable 
objects* For this latter method, however, the ship must be 
gyx>ocQmpas s-equipped • 

INSTALLATION : To meet the varying requirements for installation, 
commercial radars have been broken into 2, 3, or 4 packages. One 
package, for example f may be the indicator alone, or the indicar* 
tor and receiver* The transmitter-modulator unit may be a sepa- 
rate package to be installed in any convenient location* Or the 
indicator, receiver, modulator, and transmitter may be combined 
in a single package* The antenna is generally a separate unit, 
but in some eases may have the transmitter and modulator units 
mounted with or near it in a water-tight cabinet* The photo- 
graphs of commercial radar installations Illustrate the diversity 
of packaging that has been done* On direct current ships a con- 
verter or motor generator is required which can be located where 
it may receive proper attention* 

Locating the antenna is a special problem* HVhile in the ease 
of naval installations antennas were mounted on the masts, this 
may present difficulties on a merchant vessel due to the use of 
the masts to support rigging for cargo handling* It is desirable, 
however, from the standpoint of coverage that the antenna be lo- 
cated as high as practicable* It is also desirable that the 
antenna be located so that 360^ azimuth coverage is provided* A 
satisfactory solution in some cases has been to place the antenna 
on a short tower or platform mounted above the pilot house* In 
any event it is poor economy to pay a relatively large amount 
for a radar and then limit its capabilities by failing to install 
the antenna in a good position* 
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ADVANTACa;S and limitations of radar 


Radar is definitely not a '•cure-all” to replace other de- 
\rices and methods of navigation, but is rather a supplement to 
such devices and methods. The chief advantage of radar is that 
it succeeds in those conditions idiere other methods are impos- 
sible; i« e», in fog, heavy rain, and other conditions of poor 
visibility. These conditions, however, do have a decided ef- 
fect upon any radar set and it is well to have an understanding 
of these effects in order to utilize the radar to the fullest 
extent when it is most needed. An understanding of the effect 
of wind on radar is also in^rtant. These and other conditions, 
of course, tend to iiqjose limitations on any radar, and are 
therefore discussed in some detail in the following paragraphs. 
The extent to which these things affect the usefulness is of 
course dependent upon the design of the particular equipment, 
the experience of the user, but all radars are affected to some 
extent. 

In the open water the effects of wind are most pronounced. 
The wind by itself gives no trouble but the attendant sea re- 
sults in ein obscuration of the radar known as '•sea return'^. 

The waves present myriads of targets for the radar signals to 
detect, with the most pronounced effect being in the direction 
of the sea, (See fig. 3-18). Sea return may be visible up 
to 10 miles depending upon the sea conditions and the design 
of the radar set. Merchant marine radar sets are now equipped 
with devices for minimizing the effect of sea return and per- 
mitting more or less nomal operation of the set. VJhile such 
devices are quite effective they do not wholly remove the sea 
clutter in bad weather. With careful conning of the ship it 
is usually possible to pick up large targets such as ships, 
before they got close enough to get into the sea return. It 
is also possible in most cases to properly manipulate the re- 
ceiver gain contml and sea return suppressor to detect ships 
inside the range of the sea return because a ship normally 
gives a larger concentrated echo than do waves. The radar 
set in this condition is operating at reduced sensitivity and 
will of course miss small targets which may still be a source 
of potential danger to the ship. As an example of failure to 
pick up a small target, a ship on a southerly course standing 
into a harbor with a southerly wind of 30 to 40 miles per 
hour, observed that the small buoys at the breakwater entrance 
could not be detected, regardless of how the radar controls 
were manipulated. The breakwaters themselves and the shore- 
line, however, were easily visible, thus permitting safe 
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navigation* The effects of wind are somewhat reduced on the 
Great Lakes, when con^ared to ocean travel. In that the ship 
master usually can and does lay his course to take advantage 
of any lee afforded by the surrounding land* 

Rain, snow, sleet, and clouds are generally observed to 
have a somevAiat similar effect on the picture observed on the 
scope* If the ship is in the midst of a general rain, radar 
operation will probably be normal or there will be a slight 
haze on the scz*een* In the case of heavy concentrations of 
precipitation, usually local in nature, the actual area and 
location of the storm will be seen on the scope* During this 
time the radar detects normally in the other areas of the 
scope and will probably see targets on the same azimuth as 
the storm but either closer to or beyond it* (See fig* 3-19)* 
Present experience on the Great Lakes indicates such storms 
to be of relatively short duration* Radar detection of 
clouds, heavy precipitation, (cold fronts, etc*) is being 
exploited by meteorologists in weather predictions* 

The operation of radar in fog is usually good and can be 
relied uF>on althou^ there may be a reduction in the range 
at which targets are first detected* It is reiterated, how- 
ever, that all other means of safety precautions must be con- 
tinually used by the navigator. 

It is apparent, therefore, that the navigator must as 
always be particularly vigilant during periods of inclement 
weather, and must use more care in operating the radar and 
in studying and using the data obtained from it* 

Other factors which more or less impose limitations on 
radar are tabulated and briefly discussed below: 

(1) * Objects cannot be readily identified unless ad- 
ditional electronic devices (radar aids) are used in 
conjunction with the radar Itself* Identification, 
however, can quite often be 'accoinplished by implica- 
tion such as movement, relation to other objects, 
shape (coastline), and sometimes initial range of 
detection. 

(2) * Radar chart presentation on the scope requires 
intexpretation due to line of sight characteristics 
which give shadow effects* In other words, larger 
intervening objects may blank out objects behind them* 


555 




'-'L •- '^-19. PPI picture showin*? oortion of sea area 
(left hand portion of picture) obscured 
by a heavy rain equall which Is local in 
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(3) * Radar can be used reliably for only slightly 
over line of sight distance. 

( 4 ) . Certain types of objects because of their 
characteristics or motion may go undetected. For 
example, the Coast Guard’s study of radar detec- 
tion of floating ice has revealed that while ice- 
bergs can ordinarily be observed, pieces of ice 
large enough to damage a ship may go undetected. 

Ice and some other tilings, therefore, due to 
physical characteristics and reflecting propei>- 
ties, are relatively poor targets. A low lying 
point of land is another example of a relatively 
poor target. The motion of wmall objects, such 
as small buoys and boats, caused by bobbing up 
and down in a seaway also tends to reduce the echo 
returned to the radar. These considerations be- 
come particularly important when such things as 
sea return, rain, etc., are present to initially 
reduce the radar visibility. 

While radsLT has lioti tat Lons, its advantages more than com- 
pensate for these limitations. The distinct operational ad- 
vantages ajre summarized below: 

(1) . It is the best anticollision device yet per- 
fected. 

(2) . It makes for greater safety while piloting 
or making landfalls during periods of low 
visibility. 

(3) » It indicates continuous instantaneous 
ranges and bearings of objects. 

( 4 ) . It presents a chartlike picture of the 
surroundings, the pz*esentation being in the 
nature of a polar chart with PPI presentation. 

(5) * By observation of the scope, movement of 
objects may be noticed. 
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DEySL0FME’'n?3 AND EXPERIMENTS IN RADAR NAVIGATIONAL AIDS 

A considerable amount of investigation and development 
work has been undertaken to determine what types of radar 
aids are necessary and practical to install* Three general 
types of aids, as follows, have been considered: 

(1) , Radar reflectors; 

(2) . Continuously pulsing beacons; 

(3) . Responder type beacons. 

Radar reflectors are metallic devices designed so as 
to provide in concentrated physical size a radar target equiva- 
lent in reflecting efficiency to a much larger object of random 
conformation. Various types of reflectors have been designed 
and tested using both 3 centimeter and 10 centimeter radars. 
Results have been most satisfactory using a basic type trihe- 
dral reflector unit, the number and arrangement of which can 
be varied to meet different application requirements. (See 
fig. 3-20). The dimensions of these basic units were chosen 
and proven by test to be optimum for the frequency range of all 
present types of commercial radar. All tests made so far have 
indicated that reflectors are most useful to mark objects or 
points where no reliable radar targets already exist, such as 
on low lying sandy beaches, small buoys, etc. They are also 
useful to a limited extent to increase the effective reflect- 
ing area of poor targets in order to increase the range at 
which they vdll provide a good echo. Vi/hile reflectors can be 
useful for specific purposes they have limitations, and do 
not serve to particularly amplify an already good radar echo. 
Several particular applications of radar reflectors have been 
Investigated with varying results. For example , it is desir- 
able to mark the channel under a bridge, lock openings, etc., 
where large reflecting objects are already present. In cases 
such as this, reflectors attached to or near the bridge or 
lock are obscured by the echo from the bridge or lock itself. 

In the case of using reflectors to mark low lying sandspits 
and other obstructions that mi^t otherwise go undetected on 
the radar scope, results have been most gratifying. Results 
also vary to some extent depending upon the frequency of the 
radar being used for a particular application of a reflector. 
Radar reflectors, therefore, have only special application 
and each installation will, in general, be a separate problem. 
No permanent Installations of reflectors have as yet been made, 
as the subject still remains a continuing project for e^q^eii- 
mentation and development. 


558 


















J**' - 

> ’,“ '.Kb 

3?im, '*'v 


( c. »< !! •/' 
t-v 


FI.?. 3-20. Circular cluster of radar reflectors in- 
stalled on a buoy. 
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Continuously pulsing beacons, called "Ramark”, operate on 
a fixed radarbeacon frequency and provide at the presenttime a 
bearing indication only. They do not in any way depend upon the 
transmission of the radar. The accuracy of the bearing, however, 
is dependent upon the bearing resolution and accuracy of the ra^ 
dar* Range data must be obtained from normal radar information 
on the particular bearing obtained from the Ramark. Two Ramarks, 
however, will provide a fix. The Ramark represents more or less 
a compromise. While it would be desirable to provide powered 
beacons of the responder type, the Ramark has several character- 
istics which overcome some of the inherent complications of the 
responder type. The Ramark is relatively inexpensive and easy 
to maintain, has a low power requirement, is single and depend- 
able, and is relatively adaptable to lnejq>enslve application to 
shipboard radars of various types. For several reasons, how- 
ever, this type device has limitations and, like reflectors, 
presents special problems. The technical aspects of providing 
a coded signal from the Ramark for identification purposes 
have presented problems, and the use of Ramark in its present 
fom, therefore, is limited to navigational reference points 
which are otherwise identifiable as to general location by 
nomal radar Infomation. Methods of coding, however, are under 
study and it is hoped that this feature can be incorporated with 
only a slight additional change to shipboard radar being neces- 
sary. Various test installations of Ramark have been made, but 
none have been Installed for general use. 

The responder type beacon sends out a coded r^ly when 
triggered by an incoming radar pulse, and provides range, bearing, 
and idenblflcalion. Such a system is of course highly desirable 
from a purely operational standpoint. A beacon of this type, 
called "Racon", was designed during the war and is still used 
today as a navigational aid for military aircraft equipped with 
certain types of radar. In order to provide all this informa- 
tion the equipment is of course relatively e^ensive, complex, 
and difficult to maintain. While the advantages of this type 
beacon are many, the problem of adapting it to marine use with 
commercial radars is a difficult one because of the many en- 
gineering complexities of reconciling such factors as the dif- 
ferent pulse repetition rates, pulse lengths, and frequencies 
of the various types of commercial radars. Utilization of 
this type beacon would therefore require a considerable amount 
of change to the shipboard radar, axid the expense of such must 
of course be balanced against the demand for this type service. 
Investigations are continuing in this field, however, and it is 
hoped that a simplified responder type beacon will be practic- 
able to install. 
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The entire problem of radar aids has manjr ramifications and 
requires a great deal more investigation* Little can be said 
regarding the probable future status of these devices as such is 
dependent uf>on a great many factors, and the eventual installa- 
tion of any or all of them will probably bo a conqpromise between 
operational desirability and economy* 
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Fig. 3-21 


(A) A picture of the chart showing the entrance 
to the Marrows in New York Harbor. 


(B) a picture of the plan position indicator 

of a radar set aboard a vessel approaching 
the Narrows in New York Harbor. The ves- 
sel is approximately west of Hockaway Point 
and almost due south of the Marrows. 


(C) A composite picture of the chart showing 
the entrance to the Marrows in Mew York 
Harbor and a picture of the plan position 
indicator of a radar set aboard a vessel 
approaching the Marrows in Mew York Har- 
bor. The vessel is approximately west of 
Hockaway Point and al/aost due south of 
the Marrows. It should be noted in (C) 
that there is some distortion present due 
primarily from imposing a polar chart on 
a Mercator projection. In addition, low 
shore lines do not present a specific 
target. Any object above the surface of 
the water that reflects energy back to 
the radar antenna is presented on the 
scope. Hence, many targets are reported 
by the radar that may not be readily ap- 
parent to the eye of an observer. The 
salient features of the surrounding area 
is presented distinctly enough, however, 
to allow a navigator to determine his 
position from the outstanding topograph- 
ical features. 

The value of radar aids installed in re- 
stricted waters should be apparent. The 
radar aids would identify the points of 
land or objects on which they were in- 
stalled. 
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APPENDIX 


TllE iiDVISORY minimum SPECIFICATION BRIEFS 


It is reiterated that it is the intent of the specification 
briefs to serve only as a guide for voluntary use by parties in- 
terested in cocimeroial navigational radar* It is to be noted that 
the specification briefs are revised only up to August 1, 1946. 
Some revisions have been agreed upon since August 1, 1946, but & 
revised version of the briefs has not as yet been issued* It is 
also to be noted that Brief No* 1 is in two pai*ts, one for a 3 
centimeter radar and the other for a 10 centimeter radar. The 
latter part was added to the original specifications because much 
investigation and discussion with interested parties indicated 
that a 10 centimeter radar to fulfill the general requirements 
of Specification Brief No. 1 has a definite place in the commer- 
cial radar field* 

Advisory Minimum Specification Brief No* 1 (3 centiiaeter) 

I* Designation 

Surface search and navigational radar. 

II. General Description 

This is to be a 3 centimeter surface search radar, primarily 
designed for ocean-going vessels to provide early warning of ap- 
proaching vessels and navigational dangers on the open seas as 
well as high resolution for navigation in restricted waters. 

III. Operational Requirements 

Designed for operation by bridge personnel with little or 
no technical training. The operation of this equipment must not 
cause interference with other aids to navigation or to communica- 
tion equipment on board and should be adetjuately shielded to pre- 
vent interference to the radar from other electronic apparatus 
normally carried. The indicator unit shall not cause appreciable 
error in a magnetic compass when located more than 6 feet from 
the indicator nor shall other components cause error when located 
a distance of more than 15 feet. }-echanical noise from the indi- 
cator shaU. not be audible for more than 20 feet in still air» 

17 • Performance 

Range— 

Maximum - 30 miles. 

Minimum - 100 yards* 
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Resolution— 

\ properly designed radar with pulse length and antenna 
beam width as elsewhere prescribed in this specification 
brief should give a range resolution of 100 yards and a 
bearing resolution of 2® on the shortest sweep scale. 

V, Indication and Output Data 
Indicator— 

At least 7 inch PPI Scope (plan position indicator). 

Sweep linearity shall not deviate more than i 2 percent 
except that the first and last 10 percent of the sweep 
may deviate by i 5 percent* 

Range scales— 

Capable of being set as desired by purchaser within the 
following limits: 2-5 miles; 4-15 miles; 15-30 miles; 
a positive range scale indicator is to be provided. 

Range indicator^ 

A variable range marker with a range of 500 yards to 30 
miles, accuracy i 2 percent or ♦ 50 yards whichever is 
greater or a direct reading range indicator. 

Bearing indication— 

StabdLized PPI presentation (true bearing display), bear- 
ing cursor; ship’s head indicator; vaid-able azimuth il- 
lumination. 

VI, Performance Indicator 

Positive means should be provided to indicate whether or not 
the over-all operation of the radar is such that it may be reJlied 
upon to provide effective anticollision and navigational informa- 
tion. 

VII, Antenna 

Truncated parabola or equivalent. 

Beam ?ddth— 

Horizontal - 2® maximum at half power points. 

Vertical - Such as to prevent the transmitted beam from 
leaving a target on the horizon during a iroll of ♦ 

To aeearaplish this the antenna may be 3tati.lzed or have 
a vertical beam width of 15^^ at half power points. 

Mounting- 

Navy Standard Flange (16^ inch bolting circle with eight 
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13/16 inch holes equally spaced^ two opposite holes on 
center line). 

Rotation — 

Continuous, 360^ in azimuth, speed of rotation 6 to 15 
revolutions per minute with the specified transmitter 
and modulator characteristics* In the event a hl^er 
speed of station is desired, peak power and other 
characteristics of the modulator and transmitter should 
be raised sufficiently to compensate for a decreased 
turn due to fewer "hits" per revolution of the antenna* 
Control on main on-off switch. Antenna reveieing switch 
may be pirovided to sector scan* 

Side lobes— 

At least 25 decibels down* 

VII I . Transmitter 

Frequency recommended - 3 centimeter band, 9320 to 9430. 

Radio frequency source - Magnetron. 

Modulator - Hydrogentbyratron, hard tube, or equivalent. 

Main trananlssion line - the ovei^all attenftuation from the 
radio frequency source to the radiator must not be more than 
3 decibels one way. 

Peak power - 15 kilowatts minimum* 

Pulse repetition rate - Minimum 800 cycles per second* 

Pulse length - 0*5 microsecond maximum* 

Trigger - Positive 10 to 50 volts (across high impedance), 

IX. Receiver 

IF, RF and video band pass - Optimum for pulse length chosen* 
Over-all gain - 120 decibels minimum* 

Video output - 2,5 volts i 0,5 volts (across 75 ohms)* 
Over-all noise above KT^f - 15 decibels maximum. 

Features— 

automatic frequency control; fast time constant; sensi- 
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tivity time control or equivalent circuits to minimize 
interference from sea return and adverse meteorological 
conditions • 

X. Power Requirements 

The equipment shall be designed to take power from a source 
of 115 volts, 60 cycles per second, single phase with a regula- 
tion of f 10 volts and t 2 cycles per second. In the case of 
direct-current equipped ships and ships with poor regulation, 
auxiliaiy power equipment will be necessary. 

XI. Operator Controls 
On-off switch (all power). 

Bearing cursor knob. 

Range mazScer knob. 

Continuous gain control. 

Limited intensity control; focus to be essentially inde- 
pendent of intensity. 

Range selector (positive range scale indicator), 

STG, FTC selector switch for varying degrees of any or all 
(sea return and interference suppressor). 

Azimuth scale light control. 

Antenna-reversing switch (optional). 

Safety devices shall be incorporated to make it impossible 
for the operator to damage the equipment by manipulation 
of the controls, 

XII. Construction Features 

Replaceable units with chassis type assembly. 

Fuze alarms. 

Mounting, tropicalizing and weather proofing shall be suit- 
able for intended installation. 
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XII I. Installation Features 

The antenna assembly must be so mounted as to provide 360° 
clearance to the horizon. The indicator is to be mounted in the 
pilot houso. To facilitate this arrangement on all types of 
vessels it is suggested that the radio frequency components, the 
antenna assembly and the Indicator be manufactured in separate 
units. 

XIV. Special Provisions for Future Modifications 

As contemplated, 3 centimeter radar beacon objectives will 
meet 3 centimeter commercial radar design objectives on the cont- 
mon ground that the radar will be able to transmit within the 
frequency limits and with peak radiated powers as specified 
herein, and further that it will be capable, as constructed or 
with minor modifications, of receiving beacon signals on 9310 
megacycles, 

XV. Optional Features 

Remote PPI'a with controls independent of the indicator 
controls, for installation in the chartroom, commanding officer’s 
quarters^ etc., have obvious uses on certain classes of vessels. 
Such remote PPI's may have a means for comparison with navigai- 
tional charts and/or giving an e^qjanded presentation of a se- 
lected area of the PPI. 

An "hours run" meter to facilitate the replacement within 
the recjuired period of components which deteriorate with age. 

XVI. Remarks 

Standard Navy flange for antenna mounting, standard video 
output and standard trigger output are specified to facilitate 
ease of conversion for military use. 

The phrase "or equivalent" is applicable to all the above 
items. As radar is still in a progressive stage, these speci- 
fications are intended merely as a mutual, voluntary starting 
point. It is reiterated that nothing in these specifications 
should be construed as limiting development and improvement of 
radar circuits or equipments extant. 
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Advisory Minimum Specifications Brief No« 1 (10 centimeter) 

I« Designation 

Surface search and navigational radar. 

II. General Description 

This is to be a 10 centiineter surface search radar, primarily 
designed for ocean-going vessels to provide early warning of af>- 
proaching vessels and navigational dangers on the open seas as 
well as good resolution for navigation in restricted waters, 

III. Operational Requirements 

Designed for operation by bridge personnel v/ith little or 
no technical training. The operation of this equipment must not 
cause interference with other aids to navigation or to conmiunica- 
tion equipment on board and should be adequately shielded to pre- 
vent interference to the radar from other electronic apparatus 
normally carried. The indicator unit shall not cause appreciable 
error in a magnetic compass when located more than 6 feet from 
the indicator nor shall other components cause error when located 
at a distance of more than 15 feet. Mechanical noise from the 
indicator shall not be audible for more than 20 feet in still air, 

17, Performance 

Range- 

Maximum - 30 miles. 

Minimum - 100 yards. 

Resolution— 

A properly designed radar with pulse length and antenna 
beam width as elsewhere prescribed in this specification 
brief should give a range resolution of 100 yards and a 
bearing resolution of 4° on the shortest sweep scale. 

V, Indication and Output Data 

Indicator— 

At least 7 inch PPI scope (plan position indicator). 

Sweep linearity shall not deviate more than i 2 percent 
except that at the first and last 10 percent of the 
sweep may deviate by + 5 percent. 
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Range scales— 

Capable of being set as desired by purchaser within the 
following limits: 2-5 miles; 4-15 miles; 15—30 miles; 
a positive range scale indicator is to be provided* 

Range indicator— 

A variable range marker with a range of 500 yards to 30 
miles, accuracy + 2 percent or + 50 yards whichever is 
greater or a direct reading range indicator* 

Bearing indication — 

Stabilized PPI presentation (true bearing display), bear- 
ing cursor; ship's head indicator; variable azimuth il- 
lumination* 

VI . Performance Indicator 

Positive means should be provided to indicate whether or 
not the over-all operation of the radar is such that it may be 
relied upon to provide effective anticollision and navigational 
information* 

VII* Antenna 

Truncated parabola or equivalent* 

Beam width— 

Horizontal - 4° at half power points* 

Vortical - Such as to prevent the transmitted beam from 
leaving a target on the horizon during a roll of f 7k'^* 

To accomplish this the antenna may be stabilized or have 
a vertical beam width of 15® at half power points* 

Mounting- 

Navy standard flange (16j inch bolting circle with eight 
13/16 inch holes equally spaced, two opposite holes on 
center line)* 

Rotation- 

Continuous, 360® in azimuth, speed of rotation 6 to 15 
revolutions per minute* Control on main on-off switch* 
Antenna reversing switch may be provided to sector scan. 

Side lobes — 

At least 25 decibels down* • 


572 



VI II. Transmitter 

Frequency recommended — 10 centimeter band, 3000 to 3246 
megacycles (See par. XIV). 

Radio frequency source -• Magnetron. 

Modulator - Hydrogenthyratron, hard tube, or equivalent. 

Main transmission line - the over-all attenuation from the 
radio frequency source to the radiator must not be more than 
1.5 decibels one way. 

Peak power - 15 ld.lowatt minimum. 

Pulse repetition rate - Itinimum 800 cycles per second. 

Pulse length - 0.5 microsecond maximum. 

Trigger - positive 10 to 50 volts (across high impedance). 

IX. Receiver 

IF, RF and video band pass - Optimum for pulse length chosen. 
Over-all gain - 120 decibels minimum. 

Video output - 2.5 volts i 0.5 volts (across 75 ohms). 

Over-all noise above KTAf - 15 decibels maximum. 

Features-— 

Automatic frequency control; fast time constant; sensi- 
tivity time control or equivalent circuits to give the 
operator optional control over interference from sea r^ 
turn and adverse meteorological conditions. 

X. Power Requirements 

The equipment shall be designed to take power frx>m a source 
of 115 volts, 60 cycles per second, single phase with a regulation 
of f 10 volts f 2 cycles per second. In the case of direct-current 
e'luipped ships and ships with poor regulation, auxiliary power 
eLjuipraent will be necessary. 
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XI • Operator Contzx>ls 

On-off switch (all power)# 

Bearin? cursor knob. 

Range marker knob. 

Continuous gain control. 

Limited intensity control; focus to be essentially inde- 
pendent of intensity. 

Range selector (positive range scale indicator) , 

3TC, FTC selector switch for varying degrees of any or all 
(sea return and interference suppressor). 

Azimuth scaJ.e light control. 

Antenna-reversing switch (optional). 

Safety devices shall be incorporated to make it impossible 
for the operator to damage the equipment by manipulation of 
the controls, 

XII, Construction Features 

Replaceable units with chassis type assembly. 

Fuze alarms. 

Mounting f tropicalizing and weather proofing shall be suit- 
able for intended installation, 

XI I I, Ins tall at ion Features 

The antenna assembly must be so mounted as to provide 3^0^ 
clearance to the horizon. The indicator is to be mounted in the 
pilot house. It is suggested that the radio frequency components, 
the antenna assembly and the indicator be manufactured in separate 
units. 

XIV, Special Provisions for Future Modifications 

As contemplated, 10 centimeter radar beacon objectives will 
meet 10 centimeter commercial radar design objectives on the com- 
mon ground that the radar will be able totranmnit within the 
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frequency limits and vrlth peak radiated powers as specified 
herein, and further that It vdll be capable, as constructed or 
with minor modifications, of receiving beacon signals on 3256 
megacycles* Beacon operation will be improved if the operating 
frequency of the radar is in that portion of the radar band as 
close as practicable to the beacon frequency* 

XV* Optional Features 

Remote PPI's, with controls independent of the indicator 
controls, for installation in the chartroom, commanding officer's 
quarters, etc*, have obvious uses on certain classes of vessels* 
Such remote PPI's may have a means for comparison with naviga- 
tional charts and/or giving an e^anded presentation of a se- 
lected area of the PPI* 

An "hours run" meter to facilitate the replacement within 
the required period of components which deteriorate with age* 

XVI* Remarks 

Standard Navy flange for antenna mounting, standard video 
output and standard trigger output are specified to facilitate 
ease of conversion for military use* 

The phrase "or equivalent" is applicable to all the above 
items* As radar is still in a progressive stage, these speci- 
fications are intended merely as a mutual, voluntary starting 
point* It is reiterated that nothing in these specifications 
should be construed to limit development and improvement of 
radar circuits or equipments extant* 

Advisory Minimum Specification Brief No* 2 

I • Designation 

Surface search and navigational radar* 

II* General Description 

This is to be a 3 or 10 centimeter surface search radar 
prLnaarily designed for ocean-going vessels to provide early warn- 
ing of approaching vessels and navigational d€mgers on the open 
seas as well as fadr resolution for navigation in restricted 
waters* 
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III. Operational Requirements 

Designed for operation by bridge personnel with little or 
no technical training in scope interpretation* The operation 
of this equipment must not cause interference to or bo affected 
by other navigational and electronic equipment normally carried 
aboard ship. 

IV . Performance 
Range~ 

Maximum •> 30 miles. 

Minimum - 400 yards. 

Resolution-— 

A properly designed radar with pulse length and antenna 
beam widths as elsewhere pi^scribed herein should give a 
range resolution of 200 yards and bearing resolution of 
6o on the shoirtesb sweep scale, 

V. Indication and Data Output 
Indicator— 

At least 7 inches PPI (plan position indicator) scope. 
Sweep linearity shall not deviate more than + 3 percent 
except that the first and last 10 percent of the sweep 
may deviate by + 7 percent. 

Range scales— 

Variable 2-5 miles; 4-15 miles; 15-30 miles; positive 
range scale indication is to be provided. 

Range indication — 

Wxed electronic ran,ge markers; accuracy of + 2 percent or 
+ 100 yards, whichever is greater; not more than five 
range circles appearing on the scope. 

Bearing Indication- 

True or relative bearing indication with bearing cursor; 
over-all absolute bearing accuracy from antenna to 
display 13°. 

Positive means should be provided to indicate whether or not 
the over-a3JL operation of the radar is such that it may be relied 
on to provide effective anticollision and navigational information 


576 



VI* Antenna 


Truncated parabola or equivalent* 

Beam VHdth— 

Horizontal - 5° maximum to half power points. 

Vertical - 15® minimum (7*5 either side of horizontal) 
to the one-half power points. 

Mountings— 

standard flange (16J inch bolting circle with eight 
13/16 inch holes equally spaced, two opposite holes on 
center line. 

Polarization — 

Horizontal or vertical. 

Rotation — 

Continuous, 360® in azimuth, speed of rotation 6 to 15 
revolutions per minute; control on main on-off switch* 
Antenna reversing switch^ may be provided to sector scan. 

Side lobes— 

20 decibels down* 

VII. Transmitter 

Frequency recommended - 3000 to 3246 or 9320 to 9500 mega- 
cycles* 

• Radio frequency source - Magnetron* 

Modulator - Hydrogenthyratron, hard tube, or equivalent. 

Main transnd-ssion line - the over-all attentuation from the 
radio frequency source to the radiator must not be more than 
ij decibels one way on the 10 centimeter band nor more than 
3 decibels one way on the 3 centimeter band. 

Peak power — 15 kilowatts on 3 centimeter band and 7 kilo- 
watts on 10 centimeter with the above transmission line at- 
tenuation limits. 

Pulse repetition rate — minimum of 800 pulses per second. 
Pulse length - 1 microsecond maximum 

Trigger - Positive 10 to 50 volts (across high impedance). 
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VIII. Recoiver 

IP, RP, and video band pass - Optimum for pulse length 
chosen. 

Over-all gain - 120 decibels* 

Video output - 2.5 volts + 0*5 volts (across 75 ohms). 
Over-all noise above KTif - 15 decibels maxLraum* 

Peat are s — 

Automatic frequency control or equivalent. Fast time con- 
stant and sensitivity time control or equiveilent. 

IX. Power Supply 

The equipment should be designed to taike power from a souz^:e 
of 115 volts, 60 cycles per second, single phase with a regula- 
tion of 10 volts i 2 cycles per second* In the case of direct- 
current equipped ships and ships vdth poor regulation, auxiliary 
power equipment will be necessary* 

X* Operator Controls 

On-off switch (all power)* 

Bearing cursor knob* 

Range marker intensity knob* 

Continuous gain control* 

Limited intensity control; focus to be essentially inde- 
pendent of Intensity* 

Range selector (positive range scale indicator)* 

STC and FTC selector switch for varying degrees, (Sea re- 
turn suppressor)* 

Azimuth scale light control. 

Antenna-reversing switch (optional). 

XI. Construction Features 

Replaceable units with chassis type assembly. 


578 



Fuze alarms* 

Mounting, tropicalization, and weather proofing shall be suit- 
able for intended installation. 

XII, Installation Features 

The antenna assembly must be so mounted as to provide 360® 
clearance to the horizon. The indicator is to be mounted in the 
pilot house. To facilitate this aurrsingement on all types of ves- 
sels it is suggested that the radio frequency components, the 
antenna assembly, and the indicator be manufactured in separate 
units. 

XIII, Special Provisions for Future Modifications 

The radar should be capable as constructed or viith minor 
modification of receiving radar beacon signals on 3256 megacycles 
for a 10 centimeter radar or on 9310 megacycles for a 3 centi- 
meter radar. Beacon operation will be improved if the operating 
frequency of the radar is in that portion of the radar band as 
close as practicable to the beacon frequency, 

XIV, Remarks 

Standard Navy flange for antenna mounting, standard video 
output and standard trigger output are specified to facilitate 
ease of conversion for military use. 

The phrase "or equivalent" is applicable to all the above 
items. As radar is still in a progressive stage, these speci- 
fications are intended merely as a mutual voluntary starting 
point. In using these specifications the constant improvement 
and development of radar should be contemplated and kept in mind. 

Advisory Minimum Specification Brief No, 3 

I, Designation 
Anticollision radar, 

II, General Description 

This is to be a surface search radar primarily designed as 
an anticollision device with a limited value for navigational 
purposes , 
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III. Operational Requirements 

Designed for operation by pilot house personnel with little 
or no technical training but with specia3J.zed operational train- 
ing in the interpretation of equipment data. The ope'^ation of 
this equipment must not cause interference to or be al'f acted by 
other navigational and electronic equipment normally carried 
aboard ship. 

IV • Perf o noance 

Range maximum— 

^uipment must be capable of absolute indication of the 
presence of a C2 type cargo vessel or equivalent at a 
distance of 7 miles. 

Minimum - 500 yards. 

Accuracy - + 5 percent or + 500 yards whichever is greater. 
Bearing- 

Equipment must be capable of giving an ovei^all bearing 
accuracy of + 5° using as a target a C2 cargo vessel or 
equivalent at a distance of 7 miles, 

V, Indication and Output Data 

Indicator - 5 inch scope or larger, PPI (plan position in- 
dicator) prefferred. 

Range - Electrical or mechanical to meet requirements of 
paragraph IV, 

Bearing - Mechanical dial or equivalent. 

Positive means should be provided to indicate whether or not 
the over-all operation of the radar is such that it may be relied 
on to provide effective anticollision and navigationsil information. 

VI, Frequency 

Any channel authorized for use of commercial radar, 

VII, Antenna 

A motoi'-driven train is to be provided, with airangements 
for shifting to manual train for bearing deteimination, Ulnlmum 
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speed of rotation, 5 revolutions per minute. In case an A scope 
is used, it is to be understood that it must be continuously 
manned by trained personnel if the anticollision featujres are 
to be realized. Should a PPI scope be used, the provision for 
hand train may be eliminated and the speed of the rotation may 
be increased to 15 revolutions per minute. The. beam width in 
the vertical plans must be at least 20°, 
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INTERNATIONAL MEETING ON MARINE RAOlO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON, CONN. • • ■ APRIL 28- MAY 9, 1947 


Tgg MARIti E ]!£g OF 


1* At the let IMRAMN it was agreed that, whenever possible, 

and expedient, radio aids to navigation should be used in common 
fcr civil aviation and shipping (l.!ill«R.A.M,N. Vol. I, para. 

5*60»3). Consequently the U.K. examined in detail the possibility 
of using the Gee system as a combined air/sea navigational aid, 

2, There is no doubt that with suitably sited stations and 
a counter method of presentation of readings the Gee ^stem would 
be a valuable navigational aid to ships. But owing to the litdted 
coverage at sea level of a system in the 20-80 Mc/s part of the 
spectrum eleven chains of stations, situated near the coasts, would 
be required to give adequate marine coverage around the British 
Isles, The provision of these chains would take at least 5 years 
and would be unduly costly in relation to other systems. These 
eleven chains would give marine coverage only up to aboit 100 
miles from the coast. Moreover, these chains alone would not 
satisfy the needs of aircraft. Including air traffic control, 

3, There are other systems of radio navigational aids which 
give greater marine coverage and accuracy at less cost than Gee and 
it must therefore be concluded that overall common air and marine 
use of Gee is not desirable economically or operationally, 

4, However the U.K. plan for the use of Gee bij' aircraft 
will provide useful marine coverage, in limited areas, and user 
trials of the system have been carried out in the "QUEEN ELIZABETH" 
and on three or four small vessels. The "QUEEN ELIZABETH" is at 
present retaining her Gee eqidpment for operational use, especially 
as a land-fall aid in the S.F, approaches to the British Isles, 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 
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RADIO BEACONS AND M.F. D/F. 


Introduction. 

1. At tha first IMRAUR it was agreed that shipbome U.F. D/F 
with the associated shore radio beacons, was a valuable aid 
to navigation and should be maintained, improved and extended. 
The United Kingdom has been following this. policy, directing 
attention more to the radio beacons than to the shipbome 
equipment. 

2. Two main problems have been examined in some detail • 
first, the most suitable form of signal to be transmitted by 
radio beacons; and second, the possibility of Integrating marine 
and air radio beacons with consequent economy in equipment and 
frequencies. Other questions which have been examined are the 
construction of beacon aerials so as to give the best radiation 
pattern, and the provision of an adequate calibration service 
for ship' direction finders. From consideration of the cover> 
age of radio beacons, views have been formulated on the proba- 
ble future of the radio beacon system. 

3. A new specification has been drawn up for shipbome 
direction-finding equipment i*ich seeks to improve appreciably 
the standard of this equipment, and consideration has also been 
given to the use of automatic or visual direction-finding 
equipment. 

4. Less attention has been paid to shore-based U.F. D/F but an 
investigation has recently been started into the possibility 

of integrating the several U.F. D/F services at present in 

existence. 
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RADIO BEACONS AND M.F, D/F. 


Form of Signal, 

5* Only the existing type of radio signal, namely a modiilated 
continuous wave, has been considered, since this has been 
regarded as the most satisfactory* It has been suggested, how- 
ever, that there would be an advantage in using unmodulated 
continuous wave transmissions to narrow the frequency band 
required, and it is known that other types of signal, in 
which for example only the side-bands are keyed, have been 
suggested, ^o investigation has been made of the relative 
merits of these different signals* 

6* Within the category of modulated continuous wave trans- 
missions consideration has been given to the best form of signal, 
l.e* the best sequence of Morse characters and dashes. There 
are a surprising nuo±>er of different radio beacon signals in 
use though all have certain features in common - for example, 
all start with a number of repetitions of the caJLl sign of the 
particular beacon and all contain one or more long dashes 
intended for taking the bearing, but within these broad limits 
the variations are considerable. Because of the large number 
of different type.s of signal in use, it was decided as a first 
step to consvilt ships habitually using beacons on the U.K* 
coastline, and obtain views of their relevant merits. A 
questionnaire was drawn up asking amongst other things for 
views on the rate, duration and nature of the transmissions 
from existing beacons* 

Over 300 replies were received, and although this is a low 
percentage of the questionnaires distributed, valuable infor- 
mation was obtained and an analysis of them has brought out the 
following points. There was a slight preference for the slower 
rate of transmission, 10-12 words per minute, rather than the 
fast rate of 16-20 words per minute* Under the existing Paris 
International Regional Agreement of 1933 beacons are arranged 
in groups of 3 and operate on a 6 minute time-sharing cycle, 
each beacon transmitting successively for slightly less than 
2 minutes followed by 4 minutes silence whilst the other two 
are transmitting* With the existing signals there was a 
general reluctance for the duration of transmission of each 
beacon to be reduced much below its present 1 minute 50 
seconds. As for the composition of the signal, the most 
important result was the general demand for a long uninter- 
upted dash for taking the bearings, and there was a strong 
prefei^nce for a high-pitched note. 
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7. In franlng general conclusions from the analysis of replies, 
about the type of signal vrtilch should be provided, it was 
i^allsed that some of the replies came from Masters or Navigating 
Officers and others from iiadio Officers. The Radio Officer is 
accustomed to receiving wireless signals and skilled in reading 
Morse, whereas Masters and Navigating Officers in general would 
be relatively \juiskilled in such matters, and would therefore 
probably prefer a such simpler and slower signal than the 
average Radio Officer. 

As a matter of principle it is considered that a form of 
signal should be provided suitable for Masters and Navigating 
Officers, because they are responsible for the handling and 
safety of the ship and should be able to take the bearings 
themselves; moreover some ships do not carry Radio Officers. 

8. The United Kingdom has been pressing on continuously with 
the installation of those radio beacons provided for by the 
Paris International Regional Agreement of 1933* As part of this 
programme two new beacons are about to be installed at Smith's 
Knoll and Shambles, and this provides an opportunity for further 
investigation of the best form of signal. After consideration 
of the replies of the questionnaire it is proposed that, for 
one beacon, the signal consist of 

4 repetitions of 1, 2 or 3 dots; followed by 4 
repetitions of the code signal; followed by a 2->second 
warning dash; followed by a short silence; followed by 
a 13-second bearing dash; followed by a short silence; 
followed by a final repetition of the code signal. 

This sequence would occupy about 40 seconds and would be repeated 
to give a total time of about 80 seconds. For the other beacon 
a similar signal is proposed, but with the repetitions of groups 
of dots and of the code signal increased from 4 to 9 (or 10), so 
that the signal occupies the whole 80 seconds, and the final 
code signal replaced by a group of dots. One of the principal 
features of these signals is the introduction of groups of 1, 2 
or 3 dots, according to the position of the beacon within its 
group, as an additional simple aid to identification for the 
Navigating Officer unskilled in reading Morse. A single long 
uninterrupted dash is provided for taking the bearing, which 
la pz^ceded by a shox^ dash as a warning. The total time of 
the signal has been reduced to about 80 seconds in order (at 
some future date) to accommodate more than 3 beacons in a 
minute period. 

9. These signals do not represent a final Judgment on the best 
form. They will be introduced on the two new beacons and the 
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views of Masters and Navigating Officers will be sought. It 
should then be possible to state with some certainty what is 
in fact the most suitable type of signal* Cooqplete international 
standardisation may not be possible or even desirable , but it is 
believed that the results of this investigation will be generally 
welcomed and will lead to a very desirable reduction in the 
number of different signals in use. 

Coverage 

10. It is of Interest to consider at this stage to what extent 
a radio beacon system is capable of meeting the mariners' stated 
requirements as a coastal or landfall aid. An analysis based on 
the known accuracy of ships' loop>type direction finders shows 
that coverage up to the higher standard of accuracy agreed by 
the first I.M.R.A.M.N. (Vol. 1 of report, p.56) for a land>fall 
and coastal aid is limited to a very small area, but a lower 
order of accuracy may be obtained at a range of 20-30 miles. 
Experience also shows that beacons of errors due to reception of 
an obliquely polarised sky-wave the range for accurate D/F 
bearings should be restricted to not more than 25 miles at night 
and 100 miles by day. It is app)arent therefore that no radio 
beacon system of reasonable dimensions can provide coag>rehenslve 
coastal coverage with the accuracy desired by the mariner. It 
is nevertheless true that in many areas where particular diffl- 
Ciilties may be experienced it is possible to arrange a local 
system of beacons to provide most valuable assistance, and the 
policy of extending and improving the beacon system as recommended 
at first I.M.R.A.M.N. is supported by the U.K. 

11. It has been suggested that a single Consol Station might 
replace a number of M.F. beacons and give an equal service over 
the same area but making a smaller demand upon frequencies. This 
suggestion has not been Investigated in detail but has obvious 
promise. A single Consol beacon would provide an accuracy at 
least as good as that obtained from M.F. beacons up to 30 miles 
range, within an area extending 150 miles along the normal to 
the base line, 120 miles along the radii bX£ 30° to the normal 
and 70 miles at the edge of coverage at £ 6Crto the normal, but 
excluding ranges less than 25 miles* There are some difficult 
points to be examined, such as the siting of stations to provide 
good cuts in the required areas, but it is considered that this 
suggestion shows sufficient promise to warrant careful in- 
vestigation before any attempt is made to extend greatly the 
coverage provided by the radio beacon service. 

Construction of Beacons 


12. The ranges which have been quoted for accurate bearings from 
radio beacons are based on the assumption of vertically polarised 
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radiation, with a cosine polar diagram in the vertical plane* 

Since the sky-waves are of steep-angle it is possible for an aerial 
with an appreciable horizontal component to reduce the accurate 
range by radiating more energy at steep angles. It is hoped that 
beacons installed in the future will have aerials free from un- 
Symmetrical horizontal portions, and as far as possible to modify 
eadsting radio beacon aerials which may be particularly bad in 
this respect. It is of Interest to note that where a beacon is 
appreciably above sea level it is possible for an aerial with 
a horizontal component to introduce a few degrees of error into 
bearings taken at close range. This may not be serious in normal 
navigation, but is important in calibration of ships' direction 
finders. 

Calibration Service* 


13. The existing method of calibrating ships' direction finders 
in the U.K. is by requesting a radio beacon to operate on the fog 
schedule. This is inadequate in many respects - for example, the 
schedvile necessarily involves periods of silence between trans- 
missions because of the system of 3 beacon time-sharing groups* 

A ship trying to calibrate its direction finder would have to lay 
off during these intervals. This increases the time required for 
calibration and may be difficult or dangerous in bad weather or 
busy areas* The transmissions from the beacon are unnecessarily 
powerful for calibration purposes since calibration must be carried 
out within visual range of the beacon* Also these transmissions 
are on a single frequency, and it is therefore not possible to take 
account of differences in calibration at different frequencies* 

14. To overcome these objections, it is Intended to Instal special 
low-power calibration transmitters, in the first instance at eight 
radio beacons around the British Isles. The special calibration 
transmitters will have an output power of only about 1/4 watt but 
will operate continuously and simultaneously on three frequencies - 
namely in the radio beacon band from 290 to 320 kc/s, in the band 
365 to 380 kc/s, and in or near the distress band of 485 to 515 kc/s. 

Integration of Marine and Air Radio Beacons* 

15* Another oiajor problem which has been tackled in connection 
with radio beacons is the possibility of Integration of aaarlne and 
air radio beacons, with consequent economies in equipment and 
frequencies* It was found that radio beacons are used by aircraft 
prli^lly for holding and homing, and the majority of air beacons 
are therefore sited Inland at airports or on principal air routes, 
and operate on low power giving comparatively short ranges. The 
Mariner on the other hand uses radio beacons primarily for fixing 
his position at distances up to about 50 miles off shore* Also 
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the marine system of operating beacons In groups on a time-sharing 
basis would not be suitable for the air uses because of the high 
speed of aircraft. It was evident that as long as radio beacons 
continue to be used only at comparatively short range8> no large 
scale Integration of marine and air beacons will be possible. 

The majority of the air beacons will be too far inland to give 
cover at sea, and integration will only be possible locally In 
the few places where an air beacon Is required near the Coast. 

The use of radio beacons at longer ranges, which would give the 
only hope of large-scale air and marine integration, is prevented 
by the fundaoiental obstacle of the low accuracy of the system 
when used in conjunction with loop-type direction finders, 

Shipbome Direction-Finding Equipment 

16, A new specification has recently been drawn up covering the 
performance of ships' direction finding equipment, and will form 
the basis of type approval tests. By this means equipment in 
keeping with modem standards will be introduced. Among other 
features the new sets will be capable of receiving either 
modulated or unmodulated continuous wave transmissions, 

17 , Consideration has been given to the use of automatic D/F, 

At one end of the scale are complicated equipments with cathode- 
ray tube presentation, with which a skilled operator can obtain 
bearings even under the most adverse conditions and can give a 
reasonable estimate of the accuracy of the bearing obtained. 
Present opinion is that the equipment is too complicated and 
expensive, especially in view of the comparatively low accuracy 
inherent in the U.F. beacon system, and shipowners are deterred 
by the need for a more skilled operator, greater maintenance 
problems and overall expense. At the other end of the scale is 
fully automatic equipment such as the radio compass which has 
several attractions. It is extremely simple and in reasonable 
conditions would enable the most unskilled operator to obtain a 
bearing at least as accurate as he could obtain by the aural 
method. The primary disadvantage of this type of equipment is 
that if the signals suffer from interference the equipment may 
not be sufficiently selective to Indicate the true bearing and 
will give a false intermediate bearing. In these circumstances 
the present aural method gives better results. Therefore until 
the frequencies of radio beacons can be so rearranged that there 
is no possibility of simultaneous reception of two signals, the 
introduction of fully automatic D/F equipment cannot be seriously 
contemplated, 

M.F, D/F 

The first l.M.R.A.K.!?, was unanimous on the desirability of 
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maintaining shore-based D/F for search and rescue, if not as a 
navigational aid. An adequate M.F. D/F service already exists 
in the U.K. and the only extension contemplated is to include 
D/F on 1650 kc/s, which Is used by small ships as a distress 
frequency. Separate services are however provided by the air 
and marine authorities, and the possibility of Integrating 
these services (with consequent economies) is being investigated. 
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RADAR PASSIVE REFLECTORS 


I* Sinoa narlgational radar daaignad to aaat the C.K. 
Spaoifioatlon aill hava good ranga and baaring dlsorlolnation, 
tha use of paasira raapondars has bean oonsidarad to ba of 
oonsidarabla importanoe as a radar aid in pilotaga natsrs, 
aspaoially in Tiaw of thalr siaplioity and raliability« 

2» Trials hava baan prooaading at LWarpool and in tha 
Thaaas Estuary to datanoina tha aost oonvaniant and raliabla 
method of providing thasa radar aids to shipping, aspaoially 
by inoraasing tha data ot ion range of channel buoys* lypioal 
of davalopmants in this latter diraotion is a buoy recently 
tasted at Liverpool* A special conical buoy was constructed, 
consisting basically of t» Intersecting vertical plates 
triangular in shape so as to ba identioal in appaaranoa to a 
standard conical buoy when viewed from a distanoOf (see 
drawing)* This construction gives good radar reflecting 
properties, and has the advantage over fitting a reflector to 
the top of a standard buoy that the windage area and the 
likelihood of damage in heavy seas is not in any way increased. 
Trials were carried out using Type 268 radar, and the reliable 
radar detection range for the special buoy was about 6000 yards 
compared with 2000 yards for a conical buoy of conventional 
construction* Tha principle of intersecting vertical plates is 
of course applicable not only to conical shaped buoys* 

3* In the Thanes Estuary oonsideratlon is being given to 
extending the fitting of comer reflectors to all first-class 
buoys marking the main channels and possibly utilising suitable 
patterns of passive reflectors as an aid to identification of 
outlying dangers and shoals* 
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RADAR CHARTS 


1* At thfl first IMRAUN it was agraed that axaninatioa should 
ba giwaa to tha quastion of charts spaoially designed for use 
with marine radar« particularly with a chart comparison unit* 

The problem has bean oonsidared in tha U»E« and whilst it is 
appreciated that certain amendments are required to make tha 
normal navigational charts suitable for use with ndar, it Is 
considered that they should be limited in extent as tha chart 
must retain its main oharaotaristics for what will continue to 
ba its major purpose • visual navigation* 

Z» After a series of trials around the British Isles and off 
tha Horwegiaa coast, certain recommendations have been made on 
the possible adaptation of tha normal navigational chart to meet 
all requirements, including tha application of radar navigation* 
Predominant among these reoomiiisndations are proposals for a 
thiolcened coastline, emphasis to be placed on outlying dangers, 
islets, piers, etc*, that may appear conspicuous on the P.P.l* 
buoy symbols to be adapted to radar requirements and chart 
"tinting* to be used idierever clarity may be gained, to show, 
contrast between land and water, and possibly to show up areas 
of shallow water* 
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RADAR MAINTBNANCB 


1* Thou(^ «hlp*9 ndlo offioari hare bean enoouragad to 
baooiaa proflolent in tha aarvlolng of radar aquipaant it hat 
baaa raoognitad that it sight not ba pot tibia to havo a fullj 
trainad maintananoa nan on aaoh ship to oariy out najor rapairt 
on board* Tha D.K* ala has tharaforo baen to prorlda radar 
trainad staff and full tatdmioal faoilitlas at najor ports* 

2* For typa 268 sats« idiioh art fittad in about 260 British 
ships and in soiaa Canadian ships, tha Admiralty has antarad into 
a oontraot with a ooaaaroial fim for providing aaintananoa 
faoilitias at major ports in tha U.K. at a flat rate of b7.10*0 
par nonth for aaoh ship* After paynant of this flat rata a 
268«fittad ship entering aqy of these ports oan have its radar 
sarvioed free of oharga, and by spaoial arrangeasnt naintananoa 
engineers mill travel to other minor ports on payiaant of tha 
additional expanses involved* As part of tha hiring arranganants 
Admiralty supply tha spare parts free of oharga to tha 
oontraotors* Tha Admiralty has also made similar arrangements 
nith other oontraotors for aaintananoa of typa 268 In South 
Afiioan and Australian ports* 

S* Tha marina radio operating oompaalas in tha U.K* are 
asking arranganants for norldxwida maintananoa faoilitlas for tha 
ooanerolal marina radar now being developed and produoad by 
British Haaufaoturars* By tha middle of 1947 aaintananaa 
faoilitias for British ooaoerolal radar will ba available at 15 
major ports in tha U.K* and at 25 najor ports in other parts of 
tha world* This new organisation Is also providing maintananoa 
faoilitias for typa 268 sets where not available under tha 
existing arranganants, so that by the middle of 1947 Typa 268 
maintananoa faoilitlas will also ba available at about 15 
additional ports In different parts of tha world* 
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TRAINING OF RADAR OBSERVERS AND MAINTENANCE 
ENGINEERS 


1* Pollowlns the reooninendation at the first IMRAMN, the 
0»K. has exasilned the question of the qualifications and 
training of radar operators and maintenanoe engineers* These 
two olasaes have been oonsidered separately* 

RADAR OBSERVERS 

2* It is intended that the Navigating Officer being trained 
in radar observation shall be given a general idea in a 
non>teohnioal way of the principles and mechanism of the radar 
set, in addition to the main course in radar observation* 

3* The ideal training in radar observation is undoubtedly 
that given afloat, and the ideal arrangement would be to 
centralise all radar training in a suitably equipped training 
ship* However, for praotioal purposes in the near future, it 
is recognised that instruction will have to be given at shore 
schools, and in fact it is oonsidered that training in radar 
observation should become part of the normal training at 
navigational schools* 

4* In deciding the duration of the course, aooount had to be 
taken of the desirability of equipping the Observer to make the 
best possible use of radar, but realising the difficulty of 
detaching officers to attend long courses with the present general 
shortage of Merchant Navy Officers* The final deoision has been 
for a course lasting about 11 days* ^his will be made up of 
3 days' lectures and demonstrations of the basio prinoiples of 
radar equipment, 2 days' praotioal demonstration of typical 
equipments, 2 days on the use of radar information as an aid to 
navigation, 2 days' praotioal use of existing equipment ashore and 
2 days' praotioal use of the sane equipment afloat* ^his 
distribution is not intended to be rigid and can be modified to 
suit different oirounstanoes* 
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5* Type 268 sets have bean installed at four shore sohools 
and oourses In radar obsenratlon of the type just desoribed have 
begun or are about to begin* Certifioates will be issued to 
candidates completing the course and attaining a certain standard 
of proficiency* 

6* It Ls considered that as many officers as can be spared 
from each ship should attend these oourses* and though it may not 
be desirable to stipulate the precise number of trained officers 
to be carried it is strongly reconeiended that the aim should be 
for each radar-fitted ship to carry at least 3 offioers trained 
in radar obseiTation* 

RADAR MAPmMARCE 

7* Having in mind that ship-borne radar is in its infancy 
and therefore needs the highest standard of efficiency in 
maintenance* it is intended to provide a minimum 8 weeks* course 
of training for oandidates with a sound basic knowledge of radio 
and electricity, with longer oourses for those not so equipped. 

8* Steps have been taken to provide suitable courses at four 
shore sohools, at 3 of which radar observation oourses are also 
taking place* Courses have already oomnenoed at one of these, of 
8 weeks' duration for candidates holding a First-Class P.M.G* 
Certificate or equivalent, with an additional 4 weeks for others 
not so qualified* 

9* At the end of the courses trainees will undergo a full 
practical and theoretical examination, and those who attain the 
required standard will be issued with Certificates* 

ICo It may not be necessary or desirable for every ship to 
carry a qualified radar maintenance engineer, but undoubtedly the 
fullest maintenance facilities will have to be provided at all 
major ports* The number and types of ships which should carry their 
own maintenance engineers is being considered* 
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OPERAT IONAL EX PERIENCE ^ RAD^ 
MERCHANT SHIPS 


NUMBER OF SHIPS FITTED 

!• At the time of the first International Meeting on Radio 
Aida to Marine NaTigation in Lcndon^ May 1946^ some 90 British 
Merohant Ships were fitted with Naval Type 268 radar sets# The 
obsolete Type 271 sets tdiioh had been fitted to defensively 
equipped Merchant Ships during the war were being withdrawn# No 
oomeroial radar sets conforming with the [J«K# Specification had 
been installed^ 

2o Since theui fittings of Type 266 sets have increased and 
the number of British installations now exceeds 260 (this does 
not include vessels fitted with Type 268 sets by Canada#) It is 
intended to equip about 15 more vessels in the near future# 
Nearly all Type 271 sets have been removed# 

3# Type 268 sets are fitted to different classes of vessels 
in the following numbers 


Fast Passenger Liners 68 
Cross Channel Ships 18 
Tankers 54 
Cargo Liners and Tramps 125 
Whaling Factory Vessels 7 
Miscellaneous (including 6 
Cable Ships) — 


268 

4# The first experimental models produced by commercial firms 
wore fitted in the sunmer of 1946^ and since then about 25 ships 
have been equipped with commercial seta designed to comply with 
the U#X« specification^ and the number is expected to increase by 
40«50 a month in the new few months^ and at a higher rate later# 

REPORTS ON THE USB OF RADAR 

6# During the past year^ numerous reports on the use of radar 
by merohant ships have been received# Most of them oonoem Type 266 
sets^ which are at present numerically predcminant^ but there have 
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been Interesting instanoes of the ▼aluable seirrioe gl^en by 
ooBEnerolal radar sets* 

6* In spite of the known difficulties of malntenanoe and 
the liaitations of the Type 268 set, great navigational asslstcuaoe 
is generally being obtained from the equipment* The keenness and 
resouroe of fiadio and Engineering officers in tracing and 
repairing faults to maintain the radar at siaximum effioienoy has 
enabled Masters to obtain benefloial aid in diffioult 
oirouQstanoes* It is notioeable from the reports that, when 
frequent use has given the ships officers both confidence in the 
equipment and ezperienoe in the interpretation of the information 
provided, the maxinxus aid is obtained* 

Use as a collision warning device * 

7* IDhenever radar is operated it provides warning of collision 
and great use has been made of this facility* In conditions of 
moderate visibility radar enables course to be altered much earlier 
than might otherwise be the case* The regulations for the 
Prevention of Collision at sea must however always be borne in mind* 

8* The Master of the "TAlffiLB" (7,200 g*t*) reports t- 

'^Ihen sailing homewards along the Ifest 'African ooast, 
in visibility of l/2 mile, two vessels were picked up 
by radar, 11-1/2 miles distant on ny starboard bow* 

By plotting 1 could see that one ship was in the same 
course as the "TAMBLE", and the other ship was 
approaching at 10 knots* 1 altered course to clear 
the approaching ship* 

In the meantime, the fog cleared, and the radar was 
found to be correct by visual bearings*” 

9* Cross channel vessels, since they operate sminly in congested 
waters, find the anti-collision service provided by radar especially 

valuable* 

10* The "QUEEN ELIZABETH" (83,700 g*t*) is fitted with both a 
Type 268 set and with a oommaroial set, and the superiority of 
equipnent constructed to conform with the U.K* specification has been 
evident* It has been pairtioularly notioeable that the oonmeroial set 
is less susceptible to sea clutter* It is customary to operate both 
sets in poor visibility, and with this dual safeguard against 
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oolllslon* it is possible to aelntsia speed* For a ship of the 
site and speed of the %URBN ELIZABETH** it is desirable to know 
whether an alteration of course is necessary when an approaohing 
Tessel is still sereral wiles away* Except in emergency* more 
than 10 degrees of rudder is newer used at speed* and alteration 
of oourse is necessary at least Z^l/Z miles ahead in order to 
giwe the required clearance* 

Use as an aid to coastal narigation * 

11* The more experience of radar gained by ship*s Masters* the 
more assistance they rsceiTS from it in conditions of poor 
risibility* Sereral outstanding coastal passages which would hare 
been impossible but for the use of radar hare been reported* and 
eren in good risibility radar has prored a great help in identifying 
coast lines which are sosMwhat featureless to the naked eye* The 
accurate positional data prorided by radar will be used to an 
increasing extent to sui^lement risual obserrations of bearing and 
identity in ol«*r weather* 

12* The "MANCHESTER SHIPPER* (7*900 g*t*) fitted with a 
ocsmieroial radar set sailed 246 miles* including the passage of the 
Belle Isle Strait* in dense fog* and the "PORT LINOOLN" (7*200 g*t*) 
narigated the English Channel* principally by radar from Bishop Rook 
to Dungeness thereby saring 4 tides on arriral at Hull* For a ship 
of this type the financial saring would amount to 1686 in standing 
costs and fuel alone* 

IS* The Master of the "EMPIRE BYNO" (7*800 g*t*) operating in 

the Bay of Bengal made a praotioe of using his radar eren on clear 
days whsn approaohing anchorages or rounding prominent points* in 
order to fmailiarite himself with the characteristic radar picture* 
Thus* when the necessity arose* he was able* with complete confidence* 
to approach and anchor at Chittagong in heary rain and on another 
occasion en route from Chittagong to Rangoon to round the Algueda Reef 
at night when bad risibility prerailed* without haring to await 
daylight or improred risibility* 

14* The "RANOITATA* (16*000 g*t*) outward bound from the Hore* 
operated her Type 268 set for a continuous period of 18 hours in 
thick fog* The Pilot reported that the Radar had prored en 
exoellent aid to narigation and that the passage through the Rowns 
would probably hare bem impossible without it* 
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16* Th« "BRITISH MAJOR” (8.000 g.t.) on paesago from th« Tyne 
used radar oontlnuously for 60 hours In order to assist navigation 
In the buoyed ohannels of the Horth 8ea and Bnglish Channel, when 
poor Tlsibllity prevailed the ehole time. 

16. Cross ehaxuael vessels fitted with radar have shown up to 
great advantage against those not so fitted. The "ISLE OF SARK” 
(2.200 g.t.) and "BRITTANY” (1.400 g.t.) both left Southampton at 
the same time. Althouf^ dense fog was enoountered in the English 
Channel, the "ISLE OF SARK” arrived at Jersey only 20 minutes late 
at 9t50 a.m. The "BRITTAHY” did not reach Jersey until 2 p.m. 

17. The "ALCANTARA” (22.200 g.t.) made a successful radar 
assisted passage through the Straits of Magellan at night, with 
fieroe wind and rain squalls. Bearings and distances were obtained 
from the South Coast of the Straits and the Master was able to make 
aoourate sdlowanoes for the considerable set and drift experienoed. 
Ifithout radar, the Master would have felt obliged not to attempt the 
passage at night, but to anchor during the darkness with consequent 
loss of valuable tine. 

18. A oompany operating liners from the United Kingdom to 
Australia has estimated that a radar fitted ship would save bSOO 
eaoh year solely by the reduction of mileage rendered possible by 
standing** in oloser to certain points than would otherwise be prudent. 

19. Nhen approaching the Pit Light Vessel (North Sea) in thick 
sea fog. the "EMPIRE HALIJDALE” (3.600 g.t.) was able to give an 
American ship her position continuously by II/t messages indicating 
the vessel *s bearing and distance fron eaoh channel buoy. 

Use as a pilotage aid . 

20. With present experienoe Masters are naturally more reluctant 
to rely upon radar for the exacting art of Pilotage than for coastal 
navigation idiioh allows of a slightly greater freedom of movement. 
However, there have been instanoes of the successful use of radar 
to assist navigation in pilotage waters and undoubtedly, as 
experienoe is gained. Masters will take increasing advcuitage of the 
aid to be obtained from radar in restricted channels. 

21. The "CITY OP MADRAS” (8.600 g.t.) approached and entered 
Cape Town in dense fog. berthing alongside at least l/2 a day 
earlier than would otherwise have been possible, with a consequent 
saving of at least blOO in standing costs and fuel alone. 

22. The "KRONPRINS FREDERIK” whloh Is fitted with a oonaeroial 
radar and Is engaged on the cross channel service between Harwich 
and Bsbjerg made a sueoessful entrance into the latter port at a 
time when all other shipping was at a standstill owing to a fog 
restricting visibility to 26 yards. A tug idiioh had been sent out 
to assist the "KRONPRINS FREDERIK" ran aground. 
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23* The "ISLE OP SARK" (2,200 g»t*) has narlgated by radar 
from Southampton Docks, through the Solent and the Needles Channel 
when the fog was thick enough to prerent any eight of land even in 
the mile wide channel between Hurst Point and the Isle of Wight » 

24« Fog delay has been minimised on the Dover to Calais Cross 
Channel servioe since the "CANTERBURY" (2,900 g*t«}, which is on 
that route, has bean fitted with radar* Passengers travelling by 
the "GOLDEN ARROW" servioe are seldom held up on account of poor 
visibility at sea* 

Use by whaling factory vessels * 

26* Radar has been found to be of great use as a guard against 
ioe, and for observing the formation of ioe packs at long range* It 
has also been found possible in fog to give whale catchers courses to 
home on the pai*ent ship* 

Use in heavy rain, etc * 

26* Type 268 radar has now been used in most of the sea areas 
of the world of importance to shipping, and it is of interest to 
note that a small fraction only of the reports received refer to the 
adverse effects of heavy rain in cluttering up the radar picture* 

Some reports refer to the ability to detect other ships and to 
recogniae landmarks in rain clutter, by use of the gain control* 

These reports confirm the United Kingdom view that the advantages to 
be geined by the use of 5 o*m* as the operating wave*length outweight 
the small disadvantages due to heavy rain etc* There have been no 
reports of any "blaok*out" phenomenon* 

27* The Easter of the "DUNNOTTAR CASTLE" (15,000 g*t*) reports t« 

"Seavy, low«>lying clouds cause a blurred picture to be 
presented on the P.P.I. The experienced and 
di 8 criminating observer can, however, do much to 
distinguish between land and cloud echoes, as the 
latter are ragged, lacking firmness and continuily*" 

28* The "DEVON" (9,900 g*t«) was able to detect two small vessels 
in the centre of a rain squall at a range of about 12 miles* "A rain 
squall presents a fluffy patch on the P.P.I* and the sharp edges and 
slightly greater brightness of the ship echoes made it possible to 
pick them out quite easily*" 

29. Marcus Island, a small low Pacific Atoll, was picked up at 
20,000 yards in heavy tropical rain by the radar fitted to the 
"SILVBRIIALNUT" (6,800 g.t.)* 
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80o The Master of the "LLANGIBBY CASTLB” reports t* 

"On the Meat Afrleen ooast^ In heavy rain showers^ the 
P.P.I* Is oluttered up with rain patches and it is 
possible for a ship to be blanketed in 8a<^ a rain 
cloud and not seen oU'-the P»P*I» However, the danger 
of missing a ship entirely ean to a great extent be 
obviated by altering the strength of the signals and 
searohing these patches of clutter by means of the 
gain control". 

31 o It has been reported that sand hate encountered in the 
Persian Gulf does not affeot radar reoeption adversely, ^ilst 
making Abadan Bar, with visibility reduced to 2 or 8 miles owing 
to sand base, the "BRITISH MARQUIS* (8,100 g«t.) picked up the Bar 
Light Vessel by radar at 16 miles, and vessels anchored at the 
Bar at 25 siiles. 

32* A swept gain xmit to minimise sea clutter has recently been 
developed for the 268 set, and this modification is now being fitted 
to all installations at the option of shipowners* Hsports so far 
received indicate that perfermanee in choppy weather is considerably 
enhanced, sea clutter being almost obliterated* 

COMCLOSIOH . 

38* Wide operational experienoe of satisfactory perfontance 
during the past year has demonstrated that radar is now eligible to 
take its plaoe among established aids to marine navigation* The 
oonolusions reached at the 1st Internationsil Meeting on Radio Aids 
to Marine Navigation, regarding the various possible applications 
for radar are borne out by the reports of service rendered under 
day-to-day operating oonditions* 

84* There is by now a large body of Masters with oonsiderable 
experienoe in the use of radar, and it is evident that those who 
have bemi aooustoswd to look upon jradar as one of their standard 
aids to navigation are reluotant to sail without it* There is no 
doubt that radar has been aooepted by the Mariner and that it has 
ooBie to stay. 
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RADAR JN TIE NCRWEGIAN FJORDS . 


1. At the end of the let DIRAHN Norwa 7 suggested that the 

Onlted Kingdom send a ship fitted with a 3 cm* Radar set, built 
to the U.K. Specification, to Norwegian Waters to Inrestlgate 
the effect cn the set of the peculiar characteristics of Norwegian 
fjords and coast lines* H.U*S* "FLEETWOOD" carried out Radar 
trials between Stavanger and Bergen in June, 1946, with a team 
of Norwegian and British experts* 

Reflections from the Coast 

2* Before the trials It was thought possible that re- 

flections of side lobes from the steep fjord sides and multiple 
reflections between ship and fjord wall would produce false 
echoes that would confuse the picture* Tests In Hardanger Fjord 
showed that the amplitudes of echoes from large rock faces were 
surprisingly los and ware negligible* At no time were multiple 
reflections observed* 

3* When approaching the coast, land echoes were first 

seen on the radar set at a range of 12 miles, and these were 
from scattered points of high ground, and since the chart gave 
only a poor indication of the topography it was not possible to 
Identify the echoes* When the range was 9 miles the radar 
picture could be related to the chart* In general the strength 
of reflections from rock faces in Norway was Icmer than on the 
South Coast of Great Britain, due probably to scattering of the 
pulses by irregularities of the surface and to absorption* The 
sooth coast of Britain being more densely populated, reflecting 
objects such as houses and sea walls tend to Increase the 
strength of echoes, but the geological structure of the two 
coasts may be partly responsible for the difference In detection 
ranges. 


Radar Assistance to Navigation 

4* When entering Stavanger the leading marks cculd not be 



seen ligr eye because of heavy sqtialls, but by using the radar set 
the navigator was able to taring the ship safely through the outer 
islands to the harbour entrance. Throughout the trials a Chart 
Comparison Unit provided a practical and safe method of navigation 
in the fjords except where the scale of the ohax*t was not sufficiently 
large to use the complete P.P.I. picture with accuracy* Hi navi- 
gation by radar throu^ a narrow entrance using a chart comparison 
unit the entrance should have a width on the chart and the P.P.I. 
of at least one inch. 

5. The tall meted pillar buoys used in Norwegian waters are 
particularly good radar reflectors and several were detected at 
\\ miles in a smooth sea. The conical buoys and the numerous 
wooden beacons and wooden spar buoys are poor reflectors , and for 
radar navigation the more Important of these should be replaced 
by tall metal pillar-buoys or fitted with comer reflectors. 

6. As a result of these triads and others around the British 
Isles recommendations have been made for modifying the normal 
navigatlonad chart for use with radar (See Brief S.4 (iv) - U.E. 

Paper No. 8). 
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SHCRE-BASED RADAR FCfi U® BY HARBCOR AUTHORITIES 


SunmarY 

SrnSBSSSaSOBmm 

1* Within Its Uinltsd scope the paper describes briefly the 
more Important features of shore-based radar for harbour super- 
vision. Since the first IMRAMN progress has been made in a 
scheme for the port of Liverpool where plans are moving tcwards 
realisation, and this example nay be used as a guide for assess- 
ing the problems of a more general application. 

Introduction 

2. Sblp-bome radar Is already well recognised as an asset - 
the potentialities of shore-based radar, for harbour supervision 
in particular, are as yet not so well Imown. The Port Authority 
at Liverpool, has placed a contract for the erection of an instal- 
lation, and the project has reached the stage of advanced design 
and preliminary construction. The equipment is expected to be in 
operation In the Spring of 1948) end the proposals have stimulated 
lively Interest amongst other port authorities. 

Operational Considerations 

3. The Installation has been designed to meet fully the 
present and foreseeable needs at Liverpool. Careful consideration 
was given to. the geographical position of the port; the sea ap- 
proaches to the Channels; the Channels leading into the port; 
floating navigational marks, and means of providing Improved radar 
visibility for the small marks; the River on which the port Is 
situated; the means of passing Information from the transmitting 
station to the Port Authority's operational centre; and the pro- 
vision and maintenance of necessary operational staff for the 
Installation. Having regard to all these factors Liverpool 
probably provides a major siting problem to achieve the radar 
cover required* 

4. It is clear that requirements at different ports will vary 
considerably* In general, ports fall into one or other of the 
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following oategorlest- 

(1) tho8« situated on a river or estuary and having long 
and possibly circuitous channels; 

(2) those situated on a river or estuary and having short 
approach channels; 

(3) those situated on a river or near a seaboard without 
approach channels. 

Those within category (1) will require the full harbour installation, 
as designed for Liverpool, whilst those within (2) and (3) will 
probabiy be satisfied with an installation of less exacting specifi- 
cation, At all ports, the rapid exchange of information between 
ship and shore is of paramount importance and maximum utility of 
any Installation will depend upon an efficient means of conraunlcatlon 
being incorporated in the system. Docking and other services will 
be accelerated, particularly in thick weather by the use of shore 
radar. Selection of a suitable site Is of particular importance 
and Is governed by the geographical and hydrographical conditions 
at the port concerned. The display arrangements In all cases will 
also depend upon the geographical features of the particular poirt 
and the scale and disposition of the displays will be similarly 
determined. There is small probability that a stereotyped plan 
can be produced to suit all harbours. The aim should be a flexi- 
bility in design which, while satisfying common features at a 
number of parts, will ^ adaptable to the requirements of indi- 
vidual ports after separate investigations have been made, 

(A) ■ 

Technical Reouirements 

5, The site selected at Liverpool is on the dock estate at 
the mount of the River Mersey and complete radar cover over a 
large area of the Bay, the sea channels, approaches to the sea- 
ward limits of the port, and also the river is provided (See Flg.l). 

6, A preliminary investigation was made at Liverpool in the 
Spring of 1946 with a mobile 3 cm, radar equipment. The pictures 
given were quite good tut the performance proved not to be fully 
adequate, A precision 'B* Scope was added to the display equipment, 
which Improved the discrimination, but It still remained unsatis- 
factory and gave poor discrimination due mainly to the 1^*^ beam 
width. 
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7. Following these trials a verjr careful investigation into 
the precise requirements for an equlpnent which would provide 
really effective harbour supervision was carried out* The 
opportunity was also taken to give some consideration to the re- 
quirements of other typical ports and harbours to ascertain 
whether a single equipment cauH be produced which would satisfy 
requirements at a majority of ports* In the result It appeared 
that some peurts of the equipment could be standarlsed but a large 
measure of individual plamdng would be necessary for each par- 
ticular harbour* 

8* At Liverpool the major requirements are:- 

(a) the equipment must have a very high discrimination 
and should be better than 1*^ in bearing, and about 
40 yaxds in range} 

(b) the displays must be large-scale and something in 
the region of 1 in 30 or 40,000 Is considered 
satisfactory} 

(c) In conditions of high shipping density, confusion 
of echoes from navigational buoys and from ships 
would be easy and means of identifying the fixed 
navigational marks must be Included In the dis- 
plays} in addition. It will be required to fix 
the position of a ship with accuracy and speed; 

(d) the equipment will often be used by a single 
non-teohnlcal operator and must be simple to use; 

It Is of the utmost importance that the equipment 
gives clear, unmistakable pictures. 

(e) At first the radar Information will be displayed 
only at the installation site and will be com- 
municated to the Harbour Authority’s Office by 
private telephone line* It is preferable that 
the Authority by provided with radar displays in 
the Office, and the equipment should be planned 
so that remote displays can be added at a later 
date. The equipment should be thoroughly reliable 
and capable of operating continuously for perhaps 
several days when conditions of visibility demand. 
Maintenance should not require the continuous at- 
tendance of a highly skilled technician* 

9* The equipment planned Is in the development stage and 
will have the following general characteristics. To achieve a 
bearing discrimination of better than 1^, a large aerial scanner 
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unit weighing approKlinately tone haa been deelgned and will be 
Bonnted on the top of an 80 ft. etoel tower. The aerial nirror is 

mounted on the top of a cabing containing the driving mecbanlem and 

the bearing tranemieeion units. This form of construction lends 
Itself to easier routine attention of motor and gear since it is 
possible for a man to enter the cabin and work In comparative comfort. 
Despite the large size of the mirror, it has been designed to 
extremely close tolerances In order to keep do<m the side lobes to 
the smallest possible value and to ensxire that these tolerances 
will be maintained despite the effects of very high winds and large 
ranges of temperature. Beaters have been built into the mirror and 
the turning mechanism to guard against icing. 

10. The remainder of the equipment will be housed In a building 

at the foot of the tower. A rack will contain the transmitter and 
receiver unit, the modulatar, the synchroniser units, power packs 
and monitoring equipment to assist in cheeking the equipment and 
assisting rapid localisation of any fault. 

11. ]n the same room will be a display console containing five 
plan displays and the controls necessary to operate the whole equip- 
ment (an artist's Impression of this oonsule is shown in Fig. 2). 

The first display will show a small-scala view of the whole of 
Liverpool Bay, the remaining four will each show a large-scale 

view of some pairt of the Channel. These latter displays are of a new 
type which show a precision picture In the limited are and range 
Interval which it is desired to Inspect, and show a true plan 
presentation. The four displays will be set up to the same natural 
scale and will slightly overlap one another in range, so that an 
uninterrupted view of the area, much larger in size than could be 
accommodated on a single cathode ray tube, is given. Each tube 
will have a chart in front of it of the appropriate part of the 
Channel, with all buoys and other navigational marks plainly indi- 
cated so that Identification of echoes from these objects is rapid 
and unmistakable. A rectangular grid on each display enables the 
grid reference of any echo to be read off directly and the reference 
can be plotted readily on a chart with the same standard rectangular 
grid marked on it. The position of any vessel can thus be fixed 
more qtd.okly than would be possible If range and bearing strobes 
were used and If range and bearing bad to be plotted on a chart 
before the fix could be made. The grid reference can be communicated 
directly to any vessel requiring a fix without the necessity for 
previous plotting on the chart. Throughout the design, circuits have 
been chosen idilch are well suited to the eventual transmission of 
Information over a radio link system to remote displays, and this 
facility can be added at a later date without modifying the equipment 
already Installed. 

12. Li an adjoining room of the same building will be installed 
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the Harbour Authority's W/r and R/T communication equipment, with 
pro\ri8ion for remote control from the position of the display 
console* The same tnilding will also contain living quasars for 
the Operators* Motor alternators to provide A*C* pcsrer from the 
normal dockyard D.C* supply are mount^ in a separate building 
near by and a stand-by diesel generator provides against possible 
failure of the main supply* 

OESTfttloB 

13* The equipment will be operated by the existing three RA 
Operators, who will first receive instruction in radar operation* 
Intelligent practical use Increases immeasurably the results 
obtainable and only with constant practice will the full ef- 
ficiency of the installation become apparent* 

14* Later the number of Operators will be Increased to six, 
when two Operators on continuous watch will provide a twenty-four- 
hour service* 

Assessment of Value to Port Authorities 

15. Within the limits of its geographical setting, a port will 
attract vessels only in so far as it can offer safe approach, safe 
entry and departure, safe anchorage and good access to docking 
accommodation; and it is the plain duty of the Port Authority, in 
its own interest, to make available the best facilities within its 
power* Successful administration of a dock system is reflected in 
ship tU3ni«^oond times, which, to the shipowner, may represent the 
dlffei^ence between the financial success or failure of a voyage* 
Thick weather can neutralise the best port facilities and it is In 
such conditions that a harbour radar Installation will be of most 
value* 

16* Sosie of the direct uses of shore radar to a Port Authority 
Include the following :- 

(a) at Category 1 ports the Authority will maintain a 
large number of floating navigational marks; these 
marks, which (in heavy weather) are subject to 
displacement and may then constitute a danger to 
shipping, require considerable maintenance and 
continuous observation to ensure efficient lighting 
and tenure of exact station* At Liverpool this 
requires the services of a tender and staff at 
periodic Intervals entendlng over a considerable 
part of the year* Shore-radar will provide an 
all«ereather means of observation and a few minutes 
daily observation of these narks will dispense 
with the services of the tender for this duty with 
considerable economy to the Port Authority* 
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(b) Again at Liverpool, Lightships are used prlnarlly as 
navigational narks to provide lighting and fog 
signals and also as look-out stations. With the 
Introduction of shore radar, two of these Lightships 
will be abolished and replaced by unwatched Light- 
ships, providing the necessary navigational warnings, 
and their function of a look-out station will be re- 
placed by shore radar. A considerable economy to the 
Authority will accrue. 

(c) The Port Authority's official responsible for dock- 
ing operations will be accurately Informed as to 
movement and progress of vessels entering the port, 
and dock movements will be regulated on this inf or- 
matlcm. 

17. Some indirect uses of the installation are:- 

(a) Entry of a vessel into a Category I port necessitates 
navigation in certain phases and under varying 
conditions. Landfall at the seaward approach to the 
Port can be assisted materially by information from 
the shore radar, particularly in thick weather. The 
position of the Lightship and the position of the 
Pilot Boat, if a Pilotage Station be there established, 
can be given and, conversely, information as to the 
vessel's arrival and position can bo afforded to the 
Pilot Boat. Before entering the Chaimels, particu- 
larly in thick weather, a Pilot or Master requires 

to know what vessels are- navigating or are at anchor 
during the passage of his own vessel through these 
Channels. This information can be rapidly and 
accurately transmitted to the Pilot, thus enabling 
him to enter the Chaimels with confidence and to 
avoid being delayed outside until Improvement of 
weather takes place. A saving of time will be 
effected and thus Improve the attractions of the 
port to the shipowner. 

(b) Similarly, when a vessel occupying a berth in the 
River or Anchorage requires to dock In thick 
weather the Pilot will desire to kncm the state of 
the River or Anchorage with regard to shipping be- 
fore leaving his An^orage berth; conversely, 
vessels undocking can be similarly assisted. 

(c) Before finally leaving the port, vessels calibrate 
their directional wireless on an established 
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callbratioQ station situated within the port area* 
This calibration oust take place In an aecxirately 
defined position not less than two nlles from the 
station. In conditions of poor visibility, vessels 
are unable to determine with sufficient accuracy 
their exact position relative to the Station* This 
can be determined by shore radar and the Information 
transmitted to the vessel* 

(d) In Isolated oases shore radar may observe that a 
vessel Is standing into danger when approaching or 
navigating It within the area of the port* This may 
be caused by an Inaccurate landfall of the port and 
the missing of outer navigational marks* fiiown cases 
of strandlngs at Liverpool during the last few years 
may well have been avoided by the use of shore radar* 


610 



INDICATOR LAMPS SET-START CONTROLS 

DISPLAY I DISPLAY 2 \ 7 DISPLAY 3 DISPLAY,! DISPLAY ? 



6 


PROPOSED CONTROL CONSOLE 
FICA •L. 


IMMRAN DOC. 53 


INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON. CONN. • • • APRIL 28- MAY 9, 1947 


LANAC : A COMPREHENSIVE NAVIGATION AND ANTI-COLLISION SYSTEM 


By •• 


L. E. STUART 

HAZELTINE ELECTRONICS CORPORATION 
LITTLE NECK, L.I., NEW YORK 


ABSTRACT 


This paper describes a combined aeronautical and marine navi- 
gation, anti-collision, traffic-control, and rescue system employing 
two basic types of radio-aid equipment: a "challenger" and a "re~ 
plier". The challenger, a postwar version of the interrogator-re- 
sponsor used in military Identification, Friend or Foe 8y.atem8, is 
carried aboard all craft and serves at traffic-control stations on 
the ground. The replier, a postwar version of the IFF transponder, 
likewise is carried aboard all craft, and also serves on the ground 
as a beacon. 

As in IFF, the major functions of the LANAC System depend 
on the auto.iiatic transmission of Morse-coded pulse signals from the 
replier, at one point, to the challenger, at another point, when- 
ever the replier is "triggered" by pulses from the challenger. Upon 
reaching the challenger, these Morse-coded signals appear on a scope- 
type Indicator, there serving to locate and identify the replier 
that transmitted them. The challenger also serves as a convention- 
al radar when necessary. 

Several marine applications of the LANAC System are enumer- 
ated and discussed, eii 3 )hasis being laid on the advantages of the 
automatic-identity feature. It is shown that challenger-replier op- 
atlon affords greater operating ranges than radar with relatively 
small equipments that require less power than equivalent radar seta, 
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LANAC : A COMPREHENSIVE NAVIGATION AND COLLISION-PREVENTION SYSTEM 


Introduction 


!• LANAC— which stands for LAminer Navigation and ^ti-Colli- 
sion— is a comprehensive navigation, anti-collision, traffic-con- 
trol, and rescue system utilizing lOOO-Mc, low-power, pulse trans- 
mitters and receivers with associated scope displays to permit the 
safe and expeditious movement of vessels and aircraft alike xinder 
all weather conditions. Developed and tested by the Hazeltine Elec- 
tronics Corporation of Little Neck, L.I., N.Y, , LANAC is a commer- 
cial outgrowth of the Identification, Friend or Foe (IFF) systems 
used for the rapid Identification of friendly ships and planes dur- 
ing the war, and as such it affords the automatic identification of 
all cooperating craft and beacons as one of its leading advantages. 


2* LANAC ’a specific applications in the maritime service in- 
clude precise coastwise and channel navigation, harbor approach, all 
forms of collision prevention, harbor-traffic control, traffic re- 
porting, sea and air-sea rescue, and high-seas danger-area location 
marking. Moat of these applications are represented in Figure 1, 


Fig. 1, Major Functions of the LANAC System 
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Fig. 2. Block Blagrama of the LANJ^C Challenger and Replier. 
System Fondamentala 

3* LANAC performs Its major functions throu^ an automatic in- 
terchange of position and identity data between moving craft, bea- 
cons, and traffic controllers. In typical maritime use the system 
gives each ship the location and Identity of all beacons, craft, 
and Important obstacles in the vicinity, thereby enabling the navi- 
gator to fix his own position, and to proceed safely on his course. 
The system also gives each harbor-traffic controller the identities 
as well as the positions of craft in the area, thereby enabling him 
to move his traffic with a minimum ezpediture of time and effort. 

4. Two basic types of equipment are required: a ’^challenger" 
(a transmitter-receiver known in IFF as an interrogator-responsor) 
and a "replier" (a receiver-transmitter known in IFF as a trans- 
pondor) . Both operate in the 1000-Mc band, and variations of either 
type are available for ship, aircraft, or ground stations. For sim- 
plicity only one type of LANAC equipment is indicated for each craft 
in Figure 1, but all craft would be required to carry both. 

5. In the major functions of the system, the challenger sends 
out a series of coded "challenge" pulses from a directional antenna 
to the replier at the distant target. There, if properly coded and 
transmitted on the proper radio frequency, the challenge pulses suc- 
ceed in "triggering" the replier, which then automatically identi- 
fies itself by transmitting a series of Morse-coded "reply" pulses 
in all directions. The challenger receiver picks up these replies 
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and feeds them to a display console where the target's distance, 
direction, and Identity are instantly shown to the operator. 

6. The target's range Is determined by measuring the elapsed 

time between tlie instant that a pulse leaves the challenger trans- 
mitter and the instant that the corresponding reply pulse returns to 

Fig. 3. Use of LANAC in Coastwise Navigation. 



Fig. 4. Shipboard LANAC Control Console. 
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the challenger recelTer. Since this measureaent Is based on the con- 
stancy of the speed of transmission of electrical energy, the accura- 
cy can be made less them one percent of the range. Relatlre bearing 
Is provided In the usual manner by the challenger's directional an- 
tenna. True bearing also may be obtained by coordlne^lng the chal- 
lenger's display system with the craft's gyro compass. 

7. Block diagrams of the challenger and repller appear In Fig- 
ure 2, which also Illustrates the characteristics of the challenge 
and reply signals. The challenge signals consist of paired radio- 
frequency pulses, and the elapsed time In microseconds between the 
first and second pulse of each pair determines the challenge code* 
The reply signals consist of single pulses, some of which are "wider" 
(more prolonged) than others In accordance with the repller's Morse 
Identity code. Separate transmitting and receiving antennas are rep- 
resented in this Illustration only to clarify the operational func- 
tions of the two equipments. In actual practice, each equipment uses 
a single, small anteima for both transmission and reception. 

Data Presentations 

8. The target's distance may be read directly on the challeng- 
er's scope, or on a convenient meter that repeats this data for any 
one target desired. True and relative bearing also appear on the 
scope. If a PPI Is used; other types of scopes require antenna-bear- 
ing Indicators. Groups of either three or four Morse letter8--re- 
peated over and over again as long as the repller is being triggered 
—are presented in blinker by a flashing lamp to Identify the target, 
and each of these coding sequences requires, accordingly, 10 or 12 
seconds for completion. The Morse can also be aurally presented. 

Lanac and Radar 


9. It Is obvious that LAN/U3 has much In common with radar, both 
systems employing pulse-type signals, directional antennas, and scope 
type indicators. In one function of the LANAC system (described later) 
challengers actually serve as radars. The distinctions between radar 
and LANAC are, however, greater than their similarities. 

10. First of all, LANAC uses two radio-frequency channels in the 
exchange of challenge and reply, thus eliminating confusing sea and 
land -mass echoes from the display, and improving the efficiency of 
the equipments themselves by lessening the transmitter-receiver in- 
teraction within the individual challenger or repller, 

11. Since target echoes are not utilized In challenger-replier 
operation, the transmitting power required is greatly reduced. Llne- 
of-sight LANAC ranges of 20 to 50 miles can be obtained in normal 
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marine applications with 150O- to 10,000 watt transmitters, where- 
as comparable radar performance demands 1,000,000 watts, (The short- 
est range LANAC can measure accurately in about 300 yards,) 

12, Furthermore, since the challenge pulses are coded so that 
only selected repliers can decode them and answer, unwanted repller 
signals do not clutter the display. In marine LANAC as now proposed, 
all ship repliers operate on a common pair of transmitting and re- 
ceiving frequencies, and are set to answer only one challenge code, 
but replier beacons are set individually for different combinations 
of frequencies and challenge code. Thus, the ship replier serves 
dually in the system’s anti -collision and traffic-control functions 
without "jamming" the scope of a navigator who is taking a fix on a 
beacon; likewise, when navigational beacons are worked, the scope is 
not cluttered with signals from more than one replier in each vicin- 
ity where two or more beacons are stationed close together, t>uffi- 
uient challenge codas are available so that, if necessary, one pair 
of frequency channels alone can accommodate all of the marine LANAC 
functions — including navigation, anti-collision, traffic-control, etc, 

13» But LANAC ’s most useful distinction from radar is the auto- 
matic-identity feature. Although present-day radar beacons employ 
identity coding, radar affords no identity data on any other kind 
of target. The reflected echo from a radar-detected object may tell 
an operator where that object is, even what it is, but never who 
it is, 

Lanac Navigation 

14. . LANAC, in its marine navigational fimctions, is especially 
suited to coastwise navigation, channel navigation, harbor approach- 
es, and all other work requiring precise, close-range fixes. The 
system also will extend useftilly to long-distance marine navigation 
if permanently located weather ships, stationed in the open sea, 
are equipped with repliers. Figures 3 and 5 show how LANAC replier 
beacons can serve at strategic points where all-weather aids to 
navigation are particularly needed, 

15. The LANAC two-point fix is extremely accurate, since it is 
based entirely on the Intersection of two precisely measured dis- 
tance circles, and does not depend on antenna-bearing data. Direc- 
tional antennas need serve, in fact, only to resolve ambiguities in 
any LANAC two-point fix. The LANAC one-point fix is not as accurate 
as the two-point fix, since a plot of the vessel’s position then is 
half dependent on an angular measurement, and hence on the beam width 
of the challenger’s antenna. One-point LANAC fixes are accurate enough 
for most practical purposes, however, since directional antennas 
having narrow beam widths can be supplied. 
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16. The operational procedure InTolfed in taking a one-point fix 
neceaaltatee approximately four or five manipulations with a set of 
controls on a console like the one In Figure 4« For example, the fix 
on the nontauk beacon portrayed In Figure 3 would require the follow- 
ing procedure at this console: (1) The SERVICE switch Is turned to 
NAV. This clears the display scope of all signals from repllers on 
other craft (or radar-type echoes If the switch was previously set 
to RADAR). (2) The BEACON SELECTOR Is set at "O’* (assuming that "C" 
designates the challenge-code and radio-frequency combination on 
which the Montauk beacon operates). (3) The CHALLENGE switch Is 
turned ON. The challenger now delivers Its signals, and a reply from 
the Montauk beacon appears at the correct range and azimuth on the 
PPI display. (The foregoing procedure assumes the use of a continu- 
ously rotating directional antenna. Small-slze antennas of this type* 
about 30 Inches overall, have been designed.) (4) The FPI azimuth 
cursor Is aligned with the reply pulse, and the exact true and rela- 
tive bearings of the beacon are observed. (5) The RANGE GATE control 
is adjusted until a "moving- range spot" coincides with the observed 
reply pulse, then the beacon's exact distance Is read on the RANGE 
—MILES meter; the beacon's Morse identity code is read in the REPLY 
CODE lamp. 

17. To obtain a two-point fix, the BEACON SELECTOR setting is 
changed as required, and steps 4 and 5 above are repeated for the new 
reply signal. Step 5 may be entirely omitted If an "A"-scope display 
Is used In conjunction with the FPI— as recommended for large ves- 
sels. With this combination both distance and Identity can be read 
directly on the "A" scope, bearings on the PPI. 

Antl-Colllslon 


18. With the SERVICE switch at ANTI-COLL., and the CHALLENGE 
switch at LOCK ON the shipboard challenger affords continuous col- 
lision warning in traffic-laden channels or harbors by locating 
other nearby vessels on the basis tf their replier signals. The 
shipboard challenger also warns the navigator of reefs, shoals, and 
small islands where small, battery-operated, hazard-beacon repllers 
are Installed. (Such hazard beacons also can be used as aids to 
navigation.) In the antl-colllslon (and traffic-control) service 
the signals from all repllers within range (except the exclusive- 
ly navigational beacons) appear on the scope at once. When the chal- 
lenger Is not equipped with an "A" scope and the navigator requires 
the identity of a particular target picked up, he can obtain this 
information by setting his PPI azimuth cursor and adjusting his 
RANGE GATE control without loss of other targets from the PPI screen. 
Sector scanning as used In wartime IFF, when the rotating anten- 
na was stopped and held In the direction of the target, is unnec- 
essary. 
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19. The challenger also can operate as a conventional radar, thus 
affording collision protection when such obstacles as icebergs, 
floating hulks, fixed hazards or other vessels without repliers are 
concerned. By setting the SERVICE switch at RADAR, the challenger’s 
transmitter and receiver both operate on the same radio frequency, 
and the challenger then becomes a radar — locating Inert objects by 
picking up the echoes of its own transmitted pulses. This cuts the 
challenger *8 range to about 10 or 15 miles, but still provides suf- 
ficiently early warning to permit most ships to avoid the obstacle, 
A challenger with one transmitter and two receivers is recommended 
for large vessels so that radar-type echoes can be displayed on one 
scope, and replier answers on another, at all times. 

Harbor-Traffic Control ‘f. 

20* Harbor-traffic control, an ever-growing necessity at busy, 
fog-bound ports like San Francisco, London, and New York, is one 
marine service in which LANAC should prove especially useful, for in 
this case the importance of ascertaining ships’ identities super- 
sedes even the need of learning their exact positions. The harbor 
controller cannot route his traffic until he knows where on the pri- 
ority list each vessel stands, and this knowledge of course, en- 
tails identification as a major pre-requisite. LANAC is offered to 
the harbor-traffic control service as an automatic radio-location 
system combined with a high-speed communications system, for with 
both a PPI and "A" scope Installed at his shore-based challenger, 
the controller always has before him an up-to-the minute "chart" 
of the vessels in his area and a continuous indication of all these 
vessels* identities. 

" ''i* ' 

Fig, 5, LANAC Channel Navigation and Harbor- Traffic Control, 
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Fig, 6, LANAC High-Power Beacon. 

Power output 10,000 watte; 
power consumption, 1000 watts; 
weight, 500 pounds; space re- 
quirements, 23,2 cubic feet, 

21, The LANAC communications 
feature is not confined to simple 
identity, as provisions are made 
for hand keying of the ship ' s re- 
ply signals whenever the neces- 
sity for any other kind of re- 
pllermessage arises. This is the 
purpose of the MANUAL KEYING JACK 
on the display console in Figure 
4. Furthermore, if the replier*8 
MODE control is turned to SPECIAL 
IDENTITY, the replier will trans- 
mit a distinctly different type 
of pulse signal that can be in- 
terpreted Instantaneously, with- 


out any scope adjustments, at the 
distant challenger’s PPI— a si^ 
nal that can be enQ}loyed for many 
practical applications. For ex- 
ai^ple, if a harbor-traffic con- 
tx’oller needs to learn which 
ships on his display are vessels 
of certain foreign registry, he 
does not have to check each ves- 
sel’s Morse- identity letters in- 
dividually against a master ’Vsall” 
list; he can broadcast a general 
order through voice or radio- 
telegraph communication channels 
commanding all of such vessels 
to set their repliers for spe- 
cial identity. Distinctive sig- 
nals from all ships of this regis- 
try then would appear on the con- 
trol-ler’s PPI at once, the neces- 
sary Information from all of them 
being gained in the same length 
of time required to querv one 
vessel alone. 


Fig. 7, Antenna for 
Beacon in Fig. 6. 
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Fig. 8 LANAC Kedlvm-Power 
Shipboard Challenger. 


Power output, 1500 watts; 
power consumption, 275 watts; 
weight, 155 pounds; space re- 
quirements 9*25 cubic feet. 

Traffic Reporting 

22 . The hi^-speed communica- 
tions feature of LANAC equipment 
enables ships in the open sea to 
exchange traffic reports auto- 
matically with passing vessels 
and trans-ocean aircraft. For ex- 
ample, a challenger-equipped ship 
can challenge and identify a re- ' 
plier-equipped aircraft, then re- 
port the plane, or the aircraft 
navigator can take a fix on a re- ; 
plier-equipped ship with his own • 
challenger, identify the ship, and 
thereby obtain a rough chock on 
his position and flight progress. 

Rescue 


pound8~are used as rescue bea- 
cons on lifeboats or rafts. The 
distress signal has the same mean- 
ing as an SOS, and is received by 
all ship, shore, and aircraft 
challengers within range. It ap- 
pears on the scope as a set of 
five "pips'^ closely spaced to- 
gether — the fifth "pip" of the 
set blinking on and off in Morse ^ 
to identify the sender. Distress 
operation is automatic, like all 
other replier functions, once the 
MODE switch on the craft’s LANAC 
console has been set to DISTRESS. 
The rescue beacons enable search- 
ers in ships or planes to "home” 
directly on a speck in the ocean 
that neither radar nor the naked 
eye can see except at very close 
ranges. ■ 

L. E. STUART 

HAZELTINE ELECTRONICS CORPORATICN 
LITTLE NECK, L.I., NEW YORK 


23. For rescue work, all 
LANAC ship and aircraft repliers 
are capable of transmitting dis- 
tinctive signals that Indicate 
distress, and small, portable re- 
pliers — weighing less than 30 
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ABSTRACT 


This paper describes a system for all-weather, short-range 
marine narlgatlon suitable for use by small, as well as large ves- 
sels. The equipment requirements are a challenger (radio transmit- 
ter-receiver) Installed aboard ship and several repller beacons- 
(receiver-transmitters) located around harbors and at strategic 
points along the coast. Range to a beacon Is determined by measure- 
ment of the elapsed time between the Instant a challenge signal 
leaves the ship and the instant a beacon reply signal Is received 
by the ship. Range to the beacon In use and Its Morse-coded iden- 
tity are displayed on a direct-reading distance meter. Positive 
identity of the source of a beacon reply is assured by the fre- 
quency and coded characteristics of the signals exchanged between 
ship and shore. The beacon Is automatic In operation, while the 
semi-automatic operation of the challenger is simple and rapid. 
In addition to Its navigational uses, portable beacons carried In 
lifeboats and rafts enable DME to be used In air-sea rescue. 
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ALL-WEATHER NAVIGATION WITH DUE 


System Fundamentala 

1. The Hazeltlne DMB (Dlstance-Neasuriog Equipment) System uti- 
lizes low-power, pulse transmitters and receivers with associated 
meter displays to simplify the navigation of vessels and aircraft 
alike under all weather conditions. A commercial outgrowth of war- 
time IW (Identification, Friend or Foe), this system provides the 
navigator with an exact, continuous indication of his range from a 
self-identified beacon. The maximum range of this system is line- 
of-sight (accurate to plus or minus one percent of the range). The 
minimum range is zero yards. v) 

2. The basic DUE system, as illustrated in Figure 1, consists 
of a radio transmitter-receiver, called the challenger, installed 
in a ship and a radio receiver-transmitter, called the replier, in- 
stalled on the shore. The challenger Initiates the sequence of 
events by continuously transmitting a stream of coded radio-frequen- 
cy pulses in all directions from its omni-directional antenna. The 
challenging signal is received by the DME replier beacon and a de- 
coder unit in the replier determines whether to accept the chal- 
lenge. If the code of the challenging signal is the code for which 



Fig. 1. Functional Diagram of Hazeltine DME Navigational System. 

Range to the shore beacon is determined by elapsed time between the 
instant the shipborne challenger sends a challenge signal and the in- 
stant it receives the beacon reply signal. Reply signal is Morse- 
coded to show identity of beacon. 
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the replier’s decoder is set, the replier accepts the challenge and 
transmits a reply. The reply is a stream of radio- frequency pulses 
which carry the beacon Identification letters in Morse code. The 
reply is received by the challenger and provides information for 
the display of the range and identity of the beacon on the chal- 
lenger distance meter. Ranges are obtained by measuring the elapsed 
time between the instant that a pulse leaves the challenger’s trans- 
mitter and the instant that the corresponding reply pulse reaches 
the challenger’s receiver. 

3. Figure 1 also indicates the characteristics of the challenge 
and reply signals. The challenge signal consists of paired radio- 
frequency pulses and the elapsed time in microseconds between the 
first and second pulse of each pair determines the challenge mode. 
The reply signal consists of double pulses and the Morse identity 
code is arrived at by interrupting the radiation of the reply sig- 
nal for intervals corresponding to the dots and dashes of a preset 
three or four letter beacon call sign. Separate transmitting and re- 
ceiving antennas are shown in this figure for clarity only. In prac- 
tice, all challengers and repliers have common antennas for trans- 
mission and reception, duplexing circuits being utilized to protect 
the receivers while the transmitter is operating. 

Outstanding Features 


4. Outstanding features of the DKE system are its almost com- 
pletely automatic operation, its extreme accuracy of range, free- 
dom from interference from extraneous signals, and traffic hand- 
ling capability. 

5. The simplicity of operation of the challenger is illustrated 
in Figure 2. The selection of the assigned channel and selector code 
for a given replier is accomplished by setting a front panel control 
knob (step one). The challenge signal is initiated (step two) by 
throwing a toggle switch to "momentary on", if a brief observation 
is desired, or to "lock on" for continuous observation. The range 
to the beacon is read directly on the distance meter and the iden- 
tity of the beacon is determined by the Morse code flashing light 
at the bottom of the distance meter (step three). The scale to be 
read on the distance meter is indicated by one of two lights flank- 
ing the Morse code flashing light. As long as the replier is being 
challenged the Horse identity sequence is repeated over and over 
again, each sequence requiring 10 or 12 seconds, depending on wheth- 
er three or four Morse letters are used. (The necessary design and 
development has been completed for inclusion of aural monitoring of 
the identity signal at the challenger in those installations where 
this feature is desired.) 
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nals from the challenge {ulse, nor the challenge pulse Itself can 
cause erroneous readings on the distance meter. There Is no possi- 
bility of a reply being received from any but the desired beacon 
because the beacons in a given area operate on different frequencies. 

9* The traffic-handling capacity of the system is considerably 
enhanced by the relatively low reply repetition frequency and the 
character of the reply which it is able to use with successful dis- 
play. For example, upward of 50 DMB challengers are able to obtain 
reliable signals from the same beacon, as compared with a practical 
limit of around four or five soarch-t 3 npe radars simultaneously ’’search- 
lighting" on the range-coded microwave beacon of present design. 

Applications 

10. In operation, the DUE system requires the installation of 
several repller beacons at harbor entrances, channel entrances, and 
at strategic points along the coast. Ultimately the system could be 
e 3 q>anded to completely equip the coast so that two beacons would al- 
ways bo within range. For coastal navigation. Figure 3 illustrates 
a two-point fix obtained from beacons located on Long Island at 
Mont auk Point and Orient Point. The ambiguity encountered due to the 
two-place cross-over point can be resolved by inclusion of dead reck- 
oning information in the problem or by antenna directivity of a low 



Fig. 3» A Two-Point Fix Obtained in Typical Use 
of DME for Coastal Navigation. 
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Fig. 4. A Three-Point Fix Obtained in Tjrplcal Uae of DME 
for Harbor Approach or Navigating Restricted Waters, . 

order. For harbor approach and navigation in restricted waters more 
nximerous beacon locations afford highly accurate three-point fixes. 
Figure 4 illustrates an approach being made to New London, Coimectl- 
cut, using ranges from beacons located at Kontauk Point, Orient 
Point, and New London, The extreme accuracy of the ranges obtained 
to points of positive identity and the speed and facility with lAich 
observations are made make this system ideal for navigating restrict- 
ed waters in any kind of weather. 

11. DME repliers Installed in weather ships stationed at speci- 

fied positions near the trans-ocean sea lanes would serve as con- 
venient navigational aids when fixes using celestial observations 
cannot be made. " . 

12. Enployiug a hand- or battery-operated replier emitting a 
characteristic emergency signal, the DME system can be used in air- 
sea rescue. The use of the hand-powered model in guiding a ship and 
airplane to a lifeboat is shown in Figure 5, while an aircraft drop- 
ping the battery-powered model in the vicinity of a liferaft is 
shown in Figure 6. On receipt of an emergency signal the navigator 
would know there was a craft in distress on some bearing from him 
at the range at which the contact was made. He would immediately 
start a dead reckoning track and continue on his course for a suf- 
ficient time to allow the range to the raft to change. A range ring 
drawn from his dead reckoned position at that time would cross with 
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Fig, 6* Battery-Operated DME Beacon Dropped in Vicinity 
of Liferaft for Air-Sea Rescue. 
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13* Bie Hazeltlne EME system 
for air navigation was operation- 
ally demonstrated at the confer- 
ence of the Provisional Interna- 
tional Civil Aviation Organiza- 
tion (PICAD) in October 1946, at 
Indianapolis, Indiana. There the 
reliability of the system char- 
acteristics and of the equipments 
themselves was well established; 
production contracts have been 
let, since, for the initial pro- 
curement of 1000-Mc DME beacons 
for airway installations. Since 
aeronautical and marine DME equip- 
ments all operate in the 1000-Mc 
band, coastal DME beacons can 
serve planes and ships alike. 


14. It is feasible to include 
in all DME challengers an auto- 
matic direction-finder attach- 
ment so that bearing information 
as well as range information can 
be provided. 

15. Front-view photographs 
of a challenger and a beacon are 
shown in Figures 7 end 8, respec- 
tively. The challenger, installed 


the contact-range ring drawn at 
the time he started the track. 
The two-place cross-over points 
would give him a choice of two 
positions to head for. He would 
elect one^ and a closing range 
would then verify the accuracy 
of the choice he made. Should 
the range open, he would simply 
have to reverse course and head 
for the position Indicated by the 
second cross-over point. Here 
again, antenna directivity of a 
low order would simplify the op- 
eration. 


Fig. 8. DME Challenger. 

Small, low-power equipment, in- 
stalled aboard ship. 


Fig. 7. DME Beacon. 

DME System requires beacon in- 
stallations at harbor entrances, 
channel entrances, and along the 
coast. 
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at any convenient location aboard 
ship, is remotely controlled from 
the control unit ( shown in Figure 
2) which is installed in a loca- 
tion convenient to the navigator. 
Installation requirements of the 
replier are limited only by a 
reasonable length of cable run 
to the antenna and the conven- 
ience of a suitable power source 
for the equipment. The antenna 
shown in Figure 9 is used for 
both challenger and replier in- 
stallations. The antennas must 
be mounted on a mast, pole, light- 
house, or other high structure 
so that they are clear to radi- 
ate in all directions. Since the 
ranges obtained from the DME 
are line-of-sight ranges, the 
higher the antenna is mounted 
the larger will be the cover- 
age area of any given challen- 
ger or beacon. 

Conclusions 

16. IST* equipment was hi^ly 
successful for use in aircraft 
and ships during the war. The ap- 
plication of the principles of 
IFF to peacetime uses in the EKE 
system is a logical step because 
they are based on research work 
that has proved to be sound. The 
DME challenger is a small, low- 



Fig. 9. DME Antenna, 

Omni-directional antennas used for 
beacons and challenger alike. 

power equipment suitable for in- 
stallation in small vessels on 
which the expense of high-power 
electronic equipment is not jus- 
tified, Installed in lar^e ves- 
sels, it would be a dependable 
aid in navigating ships that can- 
not afford to be delayed by low 
visibility. In conclusion, Haz- 
eltine DME at 1000 megacycles has 
been designed, developed, and 
tested and is available for use 
now. 


A. J. EDWARDS 

HAZBLTINE ELECTRONICS CORPORATION 
LITTLE NECK, L.I., NEW YORK 
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P. R. Adams and R. I. Colin 
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ABSTRACT 


This paper first describes the marine applications of 
Navaglobe, which is a radio navigation system designed primarily 
for long range transoceanic air service. The usefulness of the 
system in the transitional zone, guiding surface ships from a 
moderate distance at sea to a point within the range of more 
accurate and comprehensive short range navigation facilities, is 
discussed. It is shown how Navaglobe may provide this service 
with certain economic and operational advantages. Also, the 
possible long range marine use of Navaglobe, and the possibili- 
ties of a "fine" version of Navaglobe, are mentioned. The sec- 
ond portion of the paper outlines the general considerations 
underlying the planning of a long range radio navigation aid 
and describes the general features and technical principles of 
the Navaglobe System. 
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N&YAGLOBE AND MARINE MYIGATIQN 


!♦ Applications of Navaelobe for Marine Navigation 
a. Introduction 

It is the purpose of the present paper to note how the 
Navaglobe radio navigation system, under development as a long dis- 
tance aviation aid, may also provide useful services for marine 
use. 


Work on an experimental model of a Navaglobe installation 
is currently in progress; indications are that installation of the 
transmitter §nd first experimental trials of the system may be be- 
gun towards the end of 1947* 

At the present time, therefore, no experimental data on 
performance can be given. Yarious studies, however, indicate that 
the accuracy of the system, when perfected, may be expected to be 
one degree in the bearing of the receiver from the ground station. 
It is a characteristic of all bearing-type systems that the later- 
al accuracy increases proportionately as one nears the ground sta- 
tion. A fixed angular accuracy of one degree corresponds to later- 
al accuracies as next tabulated. 

Distance from 

Ground Station 


300 miles 
200 miles 
100 miles 
50 miles 
25 miles 
10 miles 

b. Transitional Zone Guidance 

The primary purpose of Navaglobe is to provide aircraft 
with a radio navigation service that is extremely reliable under 
all conditions, up to a maximum range of about 1500 miles from 
ground stations. That maximum range has been arrived at from a 
study of available land sites over the globe, and will allow all 
oceanic and poleu* regions to be provided with radio navigation 
seivice. Such service is highly desirable for air use in view of 
the known practical limitations of celestial navigation and dead 
reckoniaag procedures on board airplanes. 


Lateral 

Accuracy 

5.1 miles 
3.4 miles 
1.7 miles 
1500 yards 
750 yards 
300 yards 
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In marine service there appears to be a distinct need for 
an all-weather navigation aid that is reliable, convenient and 
quick-reading, in the transitional zone from open sea navigation 
to coast and harbor navigation. The function of the all-weather 
navigational facility in this transition zone is to lead the ship 
to a selected point within 10 to 20 miles of the desired landfall. 
Within about 10 - 25 miles of the ground station the accuracy 
of Navaglobe is about 300 - 750 yards, which is adequate for 
locating the desired point within the field of service of the shoit 
range aid with which the accurate final approach is made. 

Navaglobe is an essentially unambiguous system^ each 
reading is "fresh"; that is, it is conclusive end in no way de- 
pendent on unbroken continuity of indications registered cumu- 
latively since some previous known position. Temporary internip- 
tions of service from ary cause - propagations!, mechanical or 
human (at either the transmitter or the receiver end) - lead to no 
danger of ambiguity on resumption of the indications. And ambi- 
guities in position are obviously more dangerous close-in tlian at 
mid-sea. 


The above property of Navaglobe makes its service quite 
flexible. If two receivers are carried, for standby or other pvir- 
poses, then, as is true in any system using essentially two re- 
ceivers, complete fix information may be available at all times by 
keeping each receiver tuned to a different station so that inter- 
secting lines of position are concurrently read on two indicators. 

In addition, however, either or both of tlie receivers may be tempo- 
rarily and intentionally tuned in to other stations within range if 
it is desired to check one's position fix by reading additiorrl 
bearings. Furthermore, if only one Navaglobe receiver is carried, 
or is available for use, conclusive, non-ambiguous fixes may still 
be obtained; one tunes it to two or moi’e ground stations in suc- 
cession to obtain (in a short tine, without the compllcstior^ of a 
running fix) two or more intersecting lines of position. 

c. Long Range Use 

A Navaglobe indicator might be a worthwhile equipment on 
board surface ships even for long range use, for times of protracted 
bod weather. In some cases it would give quite rough cnecks on Dii 
positloTiS; in many cases the accura.cy would be comparable with DR. 

In ary case, it would offer reliable service at ell times, end in 
portions of the globe where other types of radio facilities might 
not reach, and this service would be converlently presented and un- 
ambiguous . 
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It might be mentioned that the principles of a "fine" 
version of a Navaglobe type system have been worked out. Expected 
accuracies would be some six^'fold better than that of the standard 
Navaglobe system so far discussed. The fins system would reqiiire 
a different type of grouni station but the mobile installation 
woxild use the same receiver and indicator, plus some minor adapt- 
ing equipneut. A selector switch would allow readings to be made 
either on standard or on fine Navaglobe stations, as desired or 
as available. In the fine system the reading procedure would in- 
volve some complexity as a result of the procedure for ambiguity 
resolution. The reliability and range of the two versions would 
be the same. 

2. Principles of the Navaglobe System 

NOTE: The following is a condensation of a paper by 
the same authors on "Navaglobe - Long Range Radio Navigation Sys- 
tem", published in the Proceedings of the National Electronics 
Conference, Vol. 2, 1946. 

a. Distance Requirements 

The first question that occurs when discussing radio 
navigation systems that are to be capable, ultimately, of cover- 
ing a3-l oceans, polar regions, etc., is just what distance range 
is required for the ground stations. One may assume that in order 
to give track guidance and also to give the possibility of estab- 
lishing a fix by means of intersecting radio lines of position, 
an airplane must be within range of at least two ground stations 
whose lines of position cross at a usable angle; and that ground 
stations are to be located at actual land points, coastal or 
Island, not on moored ships or mai>-made islands. Only aJTter the 
distance of propagation has been specified can the question of 
reliability of service be discussed. 

Accordingly, the disposition of the land masses on the 
earth was studied intensively by reference to existing maps and 
by consultation with the Hydrographic Office. It appeared that a 
reliable transmission radius of at least 1^00 miles would be 
necessary to provide duplicate coverage of the important ocean re- 
gions of the globe from land-based stations. Figures 1, 2 and 3 
show a possible pattern of stations which would achieve the result 
of duplicate coverage of the ocean regions all over the globe, ex- 
cept for the south polar region. Some 4 to 6 stations would be 
sufficient to cover the important North Atlantic area. Considerable 
flexibility of pattern was found to be possible except in the south- 
east Pacific region. No consideration was given to the stations 
required to cover the continental areas since it was clear that this 
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presented no difficulty. The only question considered was how 
small a working radius could be used while still Insuring coverage 
of all traveled ocean regions. 

As mentioned above, this study showed that a working 
radius of 1500 miles over sea water would be essential for a long 
range navigation system intended to be extended to all traveled 
portions of the globe. The study further showed that a total of 
somewhat less than 60 stations woiild suffice for covering all ocean 
areas. It was clear that only a few additional stetior^ would be 
required for coverage for each continent, so that not more than 75 
stations in all would be rieeded for complete coverage of the globe 
exclusive of the south poleir cap. 

b. Props gational Problems 

For short distance applications high radio frequencies 
are preferred since sharp directive effects are obtainable with 
small transmitter installations. For medium range work, up to a 
hundred miles or so, certain frequencies may be preferred for 
practical reasons but almost any frequency would do. In both 
cases the power requirements create no greet problem. For a 1500 
mile reliable range, however, the question of proper frequency for 
reliable transmission is a critical onej and power, transmitter 
and antenna cost are not inconsiderable. An intensive I'eview of 
all available data on propagation characteristics of various radio 
frequencies was, therefore, undertaken. This study was directed 
to the question of which frequencies could be relied on to propa- 
gate to a distance of 1500 miles over sea water 100 percent of the 
time. Needless to say, it was soon found that no radio propagation 
can be said to be 100 percent reliable. Nevertheless, after care- 
ful review of more than 100 published articles covering some 20 
years, it was fimlly found that it is possible to achieve reli- 
ability in excess of 99 percentj but this is practical only through 
the use of low frequencies in the vicinity of 70 kilocycles per sec- 
ond and with extremely narrow bandwidths of the order of 10 to 20 
cycles per second. 

For long-range propagation only the lower frequency bands 
(LF and VLF) and the high-frequency band (HF) are suitable. Medium 
frequencies (MF), as used in broadcasting, have very short daytime 
ranges and are very variable at night; the very-high frequencies 
(VHF, DHF and SHF) are restricted to radio line-of-cight distances. 

High frequencies, as used in short-wave broadcasting aid 
communication, may travel along distances with comparatively little 
power and small antennas; however, interruptions and disturbances 
are frequent and serious, the ionospheric layers being very variable 
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with respect to these wavelengths. Fading is conimon; worse, et 
intervals that may be frequent and protracted, there are complete 
blackouts of reception connected in some way with magnetic storms 
and sun-spot activity. 

Low frequencies, as used since early days for very long- 
distance communication, propagate quite steadily day and night, 
all seasons and years, the ionospheric layers which reflect them 
being less subject to upheavals. Also, one frequency serves for 
all directions, distances and times of transmission, while for 
long-distance communication using high frequencies a transmitting 
station often has to choose among three or more available fre- 
quencies to fit the circumstances. Low frequencies are especially 
useful for radio propagation in arctic and polar regions, where 
air traffic may be expected to increase in the future, to take 
advantage of direct great-circle paths. In these regions high- 
frequency transmissions are so excessively subject to ionospheric 
disturbances as to be practically useless except for short dis- 
tances . 


Thus, for the all-important consideration of reliable 
and uniform propagation, low frequencies seem indicated for long- 
range navigation systems. Long wave transmitters, however, re- 
quire large antennas and considerable power. Also, the bandwidth 
should be extremely narrow, for two reasons: First, static, which 
may be very disturbing at low frequencies (less so in arctic re- 
gions, more so in tropical areas) may be reduced in effect by 
narrow-band operation. Secondly, the low-frequency band does not 
have room for maiy or wide channels; therefore, if a number of 
radio navigation stations are to be accommodated without interfer- 
ing mutually or with other communication services, they must each 
take up very little channel space. 

A summery of propagation studies^ shows that frequencies 
between 15 kilocycles and 70 kilocycles are the best from the stard- 
point of reliable reception from e distance of 1500 miles with a 
given radiated power, taking into account the weakest signal propa- 
gation and the highest atmospheric noise level, but disregarding 
practical considerations of antenna cost and antenna efficiency. 

If the antenna efficiencies are taken into account and the an- 
tennas are limited to simple 2-tower flat-tops or single-mast 
umbrella loaded types with effective heights of the order of 300 
feet, then it appears that the optimum frequency (i.e. the fre- 
quency giving a reliable 1500-mile working radius with the least 

1. P. R. Adams and R. I. Colin, "Frequency, Power 
and Modxxlation for a Long-Hange Radio Navigation 
System," Electrical Communication, Vol. 23 J June, 
1946. 
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power input to the antenna) is between 50 and 100 kilocycles. If 
it is desired to cheapen the antennas slightly at some increased 
cost in required input power, this study shows that the frequency 
may be raised as high as 125 kilocycles with only about 50 per- 
cent increase in required power. 

On the assumption that the receiver bandwidths can be 
narrowed down to 20 cycles, it appears from the above-mentioned 
study that the input powers required for almost 100 percent reli- 
ability would be of the order of 7 kilowatts in northern United 
States and Canada, 25 kilowatts in the vicinity of New York, and 
100 kilowatts for most tropical stations. These full powers, how- 
ever, would be required only during certain days of certain seasons, 
so that the stations would normally operate with less than a qviarter 
of the powers mentioned. The antenna efficiencies are estimated to 
be about 60 percent so that the radiated powers would be of the order 
of 4200 watts in Maine, 15 kilowatts in New York, and 60 kilowatts 
in the tropics during the worst seasons and a third or a qviarter as 
much during other times. 

It is estimated that except for a regular brief inter- 
ruption of propagation lasting about 15 minutes at an accurately 
predictable time in the evening, the signal-to-noise ratio at a 
radius of 1500 miles would be sufficient for reliable operation 
approximately 99.9 percent of the time. 

Fifty stations, enough to cover most ocean areas, and 
the North pole region, would not require more than a total band- 
width of 5CKX) cycles, without repeating the same frequency twice. 

c. General Featur es of the Navaglobe System 

For very long-distance service, systems which depend on 
directional patterns have a number of features of convenience. The 
single siting principle is usedj lines of position are straight 
lines, or rather great circles, all leading to or from the ground 
stations, which may be located at or near important terminal points. 
Systems of this type have been used for limited radio navigation 
for a long time, the four course AN ranges being perhaps the proto- 
type. The difficulty, however, is in devising a system which is 
not only propagationally suitable for the reliable 1500 mile range, 
(frequency, bandwidth) but which is also omnidirectionc.1, direct 
reading, unambiguous, and which is economical in respect to ar>- 
tennas. 


The Navaglobe system was proposed and is being developed 
for this purpose by the Federal Telecommunication Laboratories. It 
is essentially a low-frequency continuous-wave omnidirectional range 
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which is received on the airplane by a very narrow-band receiver 
equipped with a special azimuth indicator as illustrated at the 
left of Fig. 4* This narrow-band receiver makes use of a loop 
antenna, shielded to minimize the effects of precipitation static 
and cross-field corona static. Advantage is taken of the loop's 
directive pattern to provide additionally an automatic-directionr- 
finder indication in the airplane, as illustrated at the ri^t 
of Fig. Both the azimuth-meter indication provided according 
to the omnidirectional range principle, and the bearing indica- 
tion provided by the automatic direction-finder principle, are 
fully automatic. Thus, when the equipment is switched to a de- 
sired ground station, the indicators shown in Fig. 4 automati- 
cally turn to indicate either the azimuth of the airplane from 
the station, or the ti*ue beeuring of the station from the air- 
plane, respectively, depending on the position of the system 
selector switch. 

As will be seen from Fig. 4, the azimuth meter is ar- 
ranged to make two revolutions for 360 degrees. In Fig. 4, the 
pointer of the azimuth meter is shown as indicating an azimuth of 
225 degrees. This represents the azimuth angle of the airplane 
as seen from the ground station. The true bearing from the air- 
craft to the ground station would be the reciprocal of this azi- 
muth angle, namely 75 degrees. (This is true up to the point where 
convergence of the meridians matters.) Referring to tne right-hand 
or automatic-direction-finder (ADF) meter, it will be seen that the 
pointer indicates a true bearing angle of 75 degrees. The double- 
scale feature of the left-hand or azimuth meter greatly facilitates 
the operation of checking one metei' against the other since the two 
scales shown on the azimuth meter are reciprocals of each other, 
i.e., the reading of one scale is equal to 180 degrees plus the 
reading of the other scale. Since the true bearing from the air- 
craft to the ground station as shown by the automatic-direction- 
finder meter is the reciprocal of the azijnuth angle, the reading 
of the automatic-direction-finder meter should agree with the 
reading of the nonused scale of the azimuth meter. Thus, in the 
case assumed for illustration, where the azimuth is assumed to be 
255 degrees, the lower set of numerals on the azimuth meter repre- 
sents the true azimuth scale and the upper set is disregarded. 

For the purpose of checking with the automatic-direction-finder 
meter, however, the upper or unused scale of the azimuth meter 
showing a figxire of 75 degrees should correspond to the reading 
of the automatic-direction-finder meter. 

At first sight, it might appear that two readings being 
derived from the same transmitter would be subject to the same 
errors so that one would not constitute a reliable check on the 
accuracy of the other. Practically, however, the- errors of -the 
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two readings are quite independent, so that checking one of these 
readings against the other is a reliable way of detecting ary er- 
rors . 


It is true that a complete failure, i.e., a breakdown 
of the transmitter or receiver, will disable both meters. This, 
however, will be apparent at once. The most serious danger which 
must be guarded against in ary navigation system is not so much 
the danger of an obvious failure, caused ly breakdown, but the 
danger of incorrect operation which is not apparent. It is axi- 
omatic that no system relied on for safety of human life should 
be capable of giving an incorrect reading without providing some 
method of revealing such incorrectness. 

The possible errors in the airborne direction finder of 
the Navaglobe system are quite independent of the possible errors 
in the omnidirectional-range portion of this system. The principle 
sources of direction-finder error are polarization errors, errors 
in alignment or balancing of the loop, and errors in the mechanism 
used for converting the loop signals into meter indications. 

The principle sources of azimuth-meter error are waves 
reflected from large objects such as mountains in the vicinity of 
the transmitter, errors in relative phasing of the transmitting 
antennas (resulting from detuning of the antennas by sleet or sag, 
or from misadjustment of phase-determining circuits in the trans- 
mitter or transmission-line equipment), and finally errors in the 
indication equipment used for producing the pointer deflection of 
the azimuth meter. It can be shown that none of these errors is 
likely to siffect similarly both the azimuth and the automatic- 
direction-finder meters. Therefore, by checking these meters, 
one against the other, the pilot or navigator can assure himself 
that none of these errors is present. 

Although it provides two qiaite separate iniications of 
each directional ^reading, as above described, the Navaglobe sys- 
tem requires only a single low-frequency receiver on the aircraft 
with its single loop antenna. The only equipment which is separate 
for the two types of readings comprises the two indicators, them- 
selves, plus a small amount of control equipment in the receiver. 

The Navaglobe airplane equipment is arranged so that 
fly-left and fly-right signals can be taken therefrom, for applica- 
tion to the right-left needle of the standard crosspointer or for 
application to an automatic pilot. For this purpose, the azimuth 
meter is provided with a colored path-selecting needle adjusted ly 
a suitable knob; and a simple voltage divider is provided in the 
back of the meter for producing right-left signals in accordance 
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with the deviations of the airplane's azimuth from the selected 
azimuth as set on this colored needle. 

In order that the automatic-direction-finder meter may 
read true betring rather tl.an relctive bearing, the inner finely 
calibre ted dial of this meter is arranged to be rotated uy a selsyn 
repeater controlled from some suitable aircraft compass such as an 
earth-inductor, flux-gate, or gyrosyn compass. Under normal condi- 
tions, when the time north can be determined reasonably accurately, 
the automatic-direction-finder meter, therefore, reads true bearing 
and can be double checked against the reading of the nonused scale 
on the azimuth meter as previously described. 

d. Technical Principles of Kevaglote 

As previously mentioned, the Navaglobe principle consists 
basically of a narrow band long-wave omnidirectional range on the 
ground, with the addition of an automatlc-directioi>-finder feeture 
in the airborne range receiver. The omnidirectional range operates 
ly the amplitude-comparison principle similar to the conventional 
4-coxirse ranges existing throughout the U.S.A. Instead of giving 
aural indications, however, Navaglobe gives direct-reading pointer- 
•Igrpe indications. Moreover, these are given at any azimuthal posi- 
tion of the airplane rather then along two or four fixed courses. 
For this purpose, the system makes use of three successively radi- 
ated signals plus an initial synchronizing signal, the whole cycle 
talcing place once per second. 

The ground transmitter makes use of three antenrie.s dis- 
posed in an equilateral triangle as indicated by the tliree dots 
in the center of Fig. 5. Only two of these antennas are used at 
any time; the A pair of antennas is used to produce the A radia- 
tion pattern, the B pair is thereafter energized to produce the B 
radiation pattern, end lastly the C pair is used to produce the 
C radiation pattern. To produce these patterns, the antenna 
separation is 0.4 wavelength at the operating frequency, end the 
excitetion of the antennas is co-pdaasel. Three antexmas, it may 
be remarked, ere the minimum theoretical number for giving omni- 
directional service. 

The three successive signals are separated in a re- 
ceiver end applied to a mechanism that produces the required in- 
dication by a process of vector comparison. The function per- 
formed by this mechanism is the same as would be performed by a 
ratiometer consisting of tliree coils disposed at 120 degrees and 
a magnetic needle which aligns itself with the resultant field. 

Such a needle would indicate directly the desired azimuth angle. 

The only ambiguity is 180 degrees, which for fixes is no ambiguity 
at all. 
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To insvire reliable operation under conditions of severe 
noise, the receiver bandwidtli is made extremely narrow, preferably 
of the order of 20 cycles total; and in addition, the sigrials may 
be integrated over a period of several seconds to average out the 
effects of noise* In such a case, the effective accuracy is equal 
to that which would be attained with a bandwidth of the order of 
0*3 to 0.15 cycle per second* Both tlie azimuth and automatic- 
direction-finder meters consequently may be somewhat sluggish in 
their operation under worst atmospheric conditions and it is esti- 
mated that these meters may require approximately 10 secorids to 
come to rest in position for taking a reading* It is believed 
that this sluggishness is a very small price to pay for the ex- 
ceptionally high reliability which the Kavaglobe system promises 
to provide. 


P* h* Jidaras and R* I. Colin 
Federal Telecommunication Labo- 
ratories, Inc, 
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GLOBE VIEW I 

^8#8e riap ccpyripht by Rand McNally & Co., Chicago, 111, 
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GLOBE VIEW 2 

map <;topyrlght by Ra»*ri McNally A Co., Chicago, 111. 
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GLOBE VIEW 3 


Base map copyright by Rand McNally & Co., Chicago, 111. 
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ABSTRACT 


This paper presents a description of TELERAN, a system of air 
navigation and traffic control employing television and radar as the 
means for collecting information and instructions required for con- 
trolled flying and displaying them pictorially in the aircraft. 

While not recommended as a marine navigational aid, it has been 
thought that a description of the system would bo of sufficient general 
Interest to warrant its Inclusion in the list of subjects to be covered 
in these meetings. Diagrams indicating the various types of display which 
may be presented to pilots by this system are appended. 



TELERAN - A SYSTEM OF ^ NAVIGATION AND TRAFFIC CONTROL 


1, While the principal focus of attention of the International 
Meeting on Marine Aids to Navigation is on aids to navigation of water- 
borne traffic, it is probably worthwhile to spend a little time in the 
deliberations to discuss a system of navigation -and traffic control which 
is laider development for the field of air transport. This is desirable 
not because the system to be described fits the requirements for the navi- 
gation of surface vessels but to point out the differences in limitations 
and requirements between aerial and water-borne traffic and to point out 
the differences in system design which these requirements and limitations 
impose, 

2, Teleran is not recommended as a navigation aid for surface ves- 
sels, For long-distance navigation, Loran remains the appropriate agency 
to aid the master of a vessel in establishing his course. Indeed, in the 
field of aircraft it is probable that Loran will be the appropriate navi- 
gational aid for long-distance over-water flights. For short-range navi- 
gation - after a landfall has been made - ship-borne radar is an effective 
tool. The ability of ocean-going craft to carry apparatus of heavy weight 
makes hlgh-definltlon ship-borne radar extremely attractive. This capa- 
bility does not, of course, exist in aircraft, A ship on approaching its 
port can, in case of foul weather conditions, stand on and off, or in the 
case of engine trouble, come to anchor. While circling outside the airport 
is perhaps the aerial equivalent of standing on and off, no one has yet 
discovered an appropriate technique for bringing an aircraft to anchor. 

The inherent requirement of aircraft to maintain way and the extreme pre- 
mium Imposed by economy on lightness of weight are the two characteristics 
which stimulate navigators to look beyond airborne radar in the solution of 
the problem of air navigation and traffic control, 

3, Teleran derives its name from the comgination of television and 
radar for air navigation. The system is under development by Radio Cor- 
poration of America under sponsorship of the Air Materiel Command of the 
United States kray Air Forces and with the close cooperation of the United 
States Civil Aeronautics Administration, 

Figure 1; "Functional Diagram of the Basic Teleran System" 

4, Ground-sited radar scans the sky and receives signals from all 
the aircraft within its range of coverage. Thus the ground Teleran in- 
stallation has continuous knowledge of the point on the ^ound over which 
each aircraft within the range of coverage is flying, 

5, The three-dimensional character of an aircraft's course, however, 
imposes the requirement of further information if safe and expeditious 
navigation in foul weather is to be achieved. Therefore, Installed on each 
aircraft is a transponder or beacon which when swept by the ground radar 
responds in a series of pulses. The time spacing between the pulses is de- 
termined by the altitude at which the airplane is flying. Thus through the 
interconnection of the transponder and the aircraft and the aircraft's al- 
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timet«r, the ground installation has available continuously the location 
of each aircraft^ in plan projection. By means of the coded signal its 
altitude is known. 

6. A convenient method of utilizing the Information as to altitude 
is to incorporate in the radar receiver a decoding circuit or sieve which 
sorts out the received signal in accordance to altitude layers. These 
signals are then displayed on separate radar presentation tubes. Thus the 
first tube might present the location of all aircraft flying at 2,000 feet 
or less, the second tube those from 2,000 to 4,000 feet and so on. Figure 
1 shows three radar presentation tubes corresponding to three altitude 
layers. The equipment is planned to present at least eight such layers. 

7. A television camera scans each radar presentation tube and the 
pictures produced in it are broadcast aloft to television receivers loca- 
ted in the aircraft. Thus each television-equipped plane can receive pic- 
tures showing the location of every aircraft in his vicinity and the alti- 
tude layers within which they are flying. 

8. Such Information is helpful and perhaps adequate as a means of 

preventing collisions. For navigation, however, it is necessary that the 
location of the aircraft be corollated with the terrain over which the 
flight takes place. Therefore, transponder charts on which are drawn the 
import«uit features of the groxmd terrain are placed between the radar dis- 
play tube and the television camera so that the television picture produced 
consists of a map of the terrain surrounding the tower and station with 
pertinent features shown and with the aircraft in the vicinity superposed 
upon it. Thus each airplane receives a picture showing the area 100 miles 
in diameter - for en route navigation between airports - with the airways 

marked on it, the location of airports, key information as to the frequen- 

cies of the Teleran facilities within the area, and the location of all 
the aircraft in its vicinity. 

9. In order to avoid any possible ambiguity as to which of the spots 

on the screen representing the several aircraft is his own, a bright line 

automatically drawn from the center of the display to its outside edge 
passes through the radar pip corresponding to the airplane on which the 
picture is received. 

Figure 2; "Typical En Route Chart Received by an Aircraft Flying in the 
10.000 to 15.000 Feet Laver." 

10. Figure 2 shows the type of picture which might be received by an 
airplane flying at 12,000 feet southwesterly along airway 12-134. It is 
worth emphasis that the spots of light representing the aircraft are not 
circular in form but are tear-dropped in shape so that the orientation of 
the teardrop on the television screen gives an indication of the track 

of the aircraft along the airway. It is a convenient characteristic of 
the television pickup tube that the signal produced by the radar display 
is stored on the target of the television tube so that one bright flash 
in the radar tube representing the position of an aircraft is repeatedly 
scanned and transmitted aloft until the next flash occurs on the succes- 
sive rotation of the radar antenna. Thus the radar signals for succes- 
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give scanning cycles merge together and produce an image on the tele» 
vision screen which is brighter and larger at its leading edge, dimmer 
and smaller at the rear. The pilot now has a clear indication of his 
position and the position of toe aircraft surrounding him. In addition, 
since leeway is a more Important factor in airplanes than in the steering 
of most ships, it is necessary for him to know his heading so that the 
course can be continuously made good* This is accomplished by mounting 
a disc in front of the television display tube with ruled lines parallel 
on it. This disc is connected with the gyro compass in the aircraft so 
that it shows at a glance toe true heading of the aircraft. Thus the 
aircraft shown on Figure 2 is maintaining a heading of approximately 138° 
in order to make good a course of 134^. This is required by toe 20HBlle 
wind indicated near the top of the picture as blowing toward bearing 24°. 

The character of the maps presented on the various altitude layers would 
probably be different. Figure 2 for 10,000 to 15,000 feet shows a mini- 
mum of ground features, the location of two airports - Wilkes-Barre, in- 
dicated by toe conventional signal WI, and Allentown, indicated by XA - 
being all that is required. The lower altitudes, however, are presented 
in greater detail. 

Figure 3; "Typical Television Chart for 2.000 to 4.000 Foot Layer" 

11. Figure 3» a typical chart for the same vicinity as Figure 2 but 
at the 2,000 to 4,000 foot level, shows In addition to the two major air- 
ports, Wilkes-Barre and Allentown, five other auxiliaiy airports. In 
addition, hills are shown, one near the upper left edge of the picture of 
2,000 feet, another similar 2,000-foot hill near the top. In addition, 
since aircraft flying at this elevation are presumably interested in 
making a landing or in departing from an airport, the paths are shown 
whereby the pilots may leave the main airways and enter the airport ap- 
proach zone. 

12, In the airport approach zone even greater detail is required 
than is necessary for en route navigation at the lower levels. Therefore 
a separate radar located at the airport and having a jrange of some twenty 
miles is used, Figiire 3 shows an airplane flying easterly along airway 6, 
Immediately in front of this airplane is a small circle dotted on the chart 
which indicates the area covered by the airport approach zone and indicates 
that toe Teleran station associated with that airport in No. 4* Were the 
pilot of this aircraft interested in landing at this airport, he would, as 
he reached toe edge of the circle, turn his station selector to No. 4 and 
would thereupon receive a picture similar to that shown in Figure 4* 

Figure 4t "A Typical Airport Approach Zone" 

13* This map, forty miles in diameter, shows the topographical obstruc- 
tions 4ri the vicinity of the airport, the long ridge 1,000 feet high north- 
west of the airport, two small hills approximately 1,000 feet each south- 
easterly of the airport, and the airport Itself at an altitude of 380 feet. 
In addition the name of the airoort, XA for Allentown, together with the 
conventional symbols for the weather conditions obtaining and the barometric 
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correction at that particular time are displayed 


14* The traffic pattern by which aircraft approach and leave the 
airport are shown on charts of this type. Such patterns are not rigid 
but are a changing function of the wind force, its heading, the runway 
to be used, and the density of traffic. Figure 4 shows the condition 
for an east wind of eight miles per hour. 

15, It is a part of the traffic control philosophy which derives 
from the Teleran system that the airways are removed from the airports 
just a? in land traffic planning the main tmuik highways are removed 
from the towns and smaller cities. This permits a possibility of ar- 
ranging a smooth flow of traffic in and out of the airport with only one 
possible point of conflict - the point at which the final approach for 
landing is made. This is shown on the chart of Figure 4 at 2,000 feet 
with the instruction "start Descent", 

16, The entire system for combining drawn charts with radar infor- 
mation is extremely flexible so that under changing conditions the charts 
are readily changed. All that is necessary is for the ground traffic 
controller to draw or write on the chart special instructions to any air- 
craft under his control. Thus Figure 4 shows that the aircraft approach- 
ing from airway 7-056 has received instructions to hold, presumably so 

as to give clearance to the aircraft receiving this picture - identified 
by the radar line passing through it - to make his landing first. 

Figure 5t "Teleran Landing Display" 

17, As the aircraft passes the final approach point, the pilot turns 
his receiver so as to obtain a special type of display appropriate for 
landing. Such a display is shown in Figure 5, It is basically different 
from each of the other charts so far mentioned. In every other case geo- 
graphlcally-north is shown at the top of the television display tube so 
that the map presented to the pilot is displayed erect in the manner in 
which it is most natural to »ad maps and charts. On the landing display, 
however, the airport is always shown at the top of the television picture 
with the nmway to be used lying on the vertical diameter of the display 
tube. The center line of the runway extends as a bright vertical line 
achoss the face of the tube for approximately eight miles - the length of 
the glide path and the precision GCA radar. The radar signals for this 
display are in fact obtained from the GCA radar, slightly modified. The 
left-right scan located the aircraft, so ’that the plane just having entered 
the landing zone sees him 3 d.f as a bright spot near the bottom of the dis- 
play. Figure 5 shows the plane somewaht to the left of his true path as 
indicated by the vertical line extending from the runway. In addition, a 
horizontal line is automatically drawn across the vertical line to indi- 
cate the vertical position of the airplane in respect to the glide path. 

If the airplane is too high it is shown above the horizontal line. If it 
is too low, it appears below it. Thus an aircraft shown near the bottom 
of Figure 5 is not only to the right but too low so that the rate of the 
descent should be reduced in addition to the direction changed to bring 
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him onto the true approach path. The airplane at the top of the picture 
la exactly on course at the intersection of the horizontal and vertical 
lines. As the plane proceeds along the approach path the horizontal 
line progresses with it up the face of the television tube so that it is 
necessary for the pilot simply to maintain his display position at the 
intersection of the two lines. Wind directions are indicated at the sur- 
face and at various altitudes along the approach path so that the pilot 
is able to plan for his approach course with full knowledge of the move- 
ment of the air mass through which he plans to fly. 

• 

18. If the method for producing the pictures for various altitudes 
were to assign to each altitude layer a television transmitting si^al, 
the system would require a rather large portion of the frequency spectrum. 
Fortunately, this is not necessary. A time multiplex system whereby 
frames of the television picture in rotation pick up different altitude 
layers is used. Thus the first frame could report the altitude layer from 
zero to 2,000 feet, the second frame from 2,000 to 4>000 feet, and so on. 
Thus we have by a system of time-sharing several channels within a single 
basic frequency channel. It is planned that probably two of the channels 
thus produced will be used to transmit weather Information. This will en- 
able the pilot to get more complete weather information by receiving maps 
without burdening the voice communication channels already seriously 
loaded in the dispatching of traffic. 

19. This, in summary, is the Teleran system of air navigation and 
traffic control. It is considered as a future system and was so classi- 
fied at the Montreal meeting of the PICAO. The program is, however, 
proceeding smoothly. A simulated Teleran display has been installed 

in a Link trainer at the laboratories of RCA in Camden. During the fall 
of 1947 flight tests are scheduled with an airway Teleran station, an air- 
port conveyance station, and a landing system in the vicinity of Washing- 
ton, D. C. A television display tube has been developed of sxifficient 
intensity to permit the reception of pictures in full daylight, such as 
might be experienced in the cockpit of an aircraft flying above the over- 
cast. Other work unquestionably remains to be done. Specifically, the 
Teleran system with the azimuthal radar scan and the transponder response 
lends itself quite naturally to techniques of automatic flight and auto- 
matic landing. Figure 6 is a tabulation of the functions performed by 
the Teleran system. It Indicates the appreciable saving in airborne 
weight which can be accomplished by the use of this system. 
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INTERNATIONAL MEETING ON MARINE RAOlO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON. CONN ■ • ■ APRIL 28- MAY 9. 1947 


imN—STATISTICAL DATA SUBMITTED 
BY THE UNITED STATES DELEGATION 


1. The present Loren System coverege of the world includes a 
large pert of the main arteries of Marine and Air Commerce, Fig- 
ure 1 shows the specific coverages now available. Of the 37 
Loran trensmitting stations now in operation, 13 are in the 
Atlantic end 2h are in the Pacific Ocean areas. Their opera- 
tion is an international cooperative program in that Canada, 
Denmai’k, Iceland, United Kingdom, and the United States are 
Jointly maintaining stetions. While it is sometimes considered 
that Loran stations are in groups of three, that is, one double 
master and two slave stations, it is noted that this system is 
well adapted to providing continuous coverage over long areas 
with a rather economical number of stations; for example, the 13 
stations in the Atlantic provide 10 lines of position over an 
area extending from the northern Caribbean Sea to the British 
Isles, some 1*800 nautical miles airline around this circuit, with 
charted fix areas being shown over all but a small part both dty 
and night. Actually, navigators report that continuous ground 
wave coverage (daytime as well as night) is being consistently 
obtained over the whole of the route. 

2* This extensive system, in addition to being the most accurate 
long rsnge system in use or operationally tried to date, has, 
because it is a pulsed system, many other advantages not enjoyed 
to the same degree by other long range aids, such as ability to 
operate through interference, normal static, and precipitation 
static long after CW systems ere unusable. t\irthermore, the eco- 
nomic investment is not small and must be considered as an 
important factor in its retention, adoption, and expansion. 
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It Is deslreble to note that the present Trorldnide system 
was installed during World War II with the bases then available 
and that peacetime expansions can reasonably be expected to be 
considerably more efficient with regaiti to overall coverage, fix 
areas, economy of stations, accessibility, etc,, than some of 
the present stations. 

3* The following table lists the order of observed accuracies 
of Loran lines of position (the geometrical accuracy is consid- 
erably higher): 

Synchronization accuracy with normal baseline is 1 micro- 
second. 

/long the baseline between paired transmitting stations, 
accuracy is 1000 feet (1 microsecond is 500’). 



Distance 

from Midpoint of Baseline 


500 N.M. 

1000 N.M. 

moo N.M. 

Baseline 200 N.M. 
Centerline 

2.0 N.M. 

li.O N.M. 

5.1| N.M. 

Baseline 250 N.M. 
Centerline 

1.5 

3.8 

5.0 

Baseline 300 N.M. 

Cente rline 

l.Ii 

3.7 

h,Q 

Baseline 350 N.M. 
Centerline 

1.3 

3.6 

ii.6 


* Expressed in degrees an error of 5 is about 0,3° at liiOO N.M. 


The existing station baseline lengths are as follows: 

76% between 200 and 350 N,M. 

16^ between 350 and 700 N.M. 

8^ betvfeen 100 and 200 N.M, 

Loran position line accuracy over the coverage area= is 
dependent upon the geometry of the lattice, the same as for any 
hyperbolic system. 
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INTERNATIONAL MEETING ON MARINE RADIO AIDS TO NAVIGATION 

NEW YORK CITY AND NEW LONDON, CONN • • • APRIL 28 MAY 9. 1947 


SHIPBORNE DIRECTION FINDERS AND 
ASSOCIATED RADIOBEACONS 

Submitted by the 
United Statee Delegation 


The early availability of the medium frequency direction 
finder and the Korldwide setup of simple radiobeacons resulted 
in the situation that, for amy years, allowed no basic change 
of technique in the marine radio direction finding field. 
Progress resulted only from refinements, better design, end 
acquired experience. 

There are definite indications that improvements can be 
introduced with respect to the presentation of the Infonnation 
to the user, automatic indication of bearings, or automstic 
position fixing. Provided an adequate developmental effort is 
Implied, there are strong indications that marine DF could be 
combined with distance measuring equipments to result in an 
attractive position fixing scheme from one source. There are 
indications that the present limitation of accurate range at 
night could be improved and the range increased by using differ- 
ent types of transmissions; this would require development and 
eventually changes or additions to the present marine rediobeir 
cons which would make the improved service available to new 
direction finders, with the old and new systems being capable of 
simultaneous operation in the interim period. 


662 




Annex A 




LIST OF DSLBOATES, ADVISERS, AND SECRETARIAT 


ARGENTINA 


Doldgates 

Captain Rogallo R* Alcantara, 

Argentine Navy 

Rear Admiral Harold Cappus, 

Argentine Na-vy 

Captain Alfonao Rena Ualagamba, 

Argentine Nayy 

AUSTRALIA 

ChalrBaa 

R« V* UcEay, 

Chief Engineer, Departaent of the Postmaster 
General 

Dalagataa 

¥• R. Baird, 

&)glneer, Overseas Teleconmnnlcatlons Commis- 
sion 

J. L. IfolhoUand, 

Assistant General Manager, Overseas Telecoomiunl- 
cations Commlsslofn 

E« S. Steyrart, 

Assisting Supervising Engineer, Department of 
the Postmaster General 

Obserrars 

Andrev Crooe, 

Australian General Electric Pty., Limited, 
Sydney, Australia 

Alan Whitfield, 

Australian General Electric Cooqpany, 

Sydney, Australia 

EBLaiDM 

Obsarrar 

Gerard de Burlet 


667 



BRAZIL 


Delegates 

CANADA 

Chairman 

Delegates 


Lieutenant Conmander Jose Paulo De Albuquerque 
QulUobel, 

Brasilian Navy 

Lieutenant Commander Waldeck Lisboa Vaoopre^ 
Brazilian Na'V7 


A* N« Fraser^ 

Senior Radio Engineer, Department of IVansport 

Conmander H. Q. Burchell, 

Rogral Canadian Ibvy, Assistant Director of 
Electrical Engineering 

D. 1. Cameron 

Gordon K. Davidson, 

Engineer, Marine Section, Ontario Hughes-Oeens 
Conqpanjr, Limited 

W. J. Grigr, 

Assistant General Manager, Canadian Marconi, 
Limited 

V. L. HanejTf 

Assistant Research Engineer, National Research 
Council 

Lieutenant Commander W. D* F. Johnston, 

Rqjral Canadian Navy, Staff Navigation Officer, 
Naval Services Iteadquarters 

Captain J« W, Kerr, 

Supervisor of Nautical Services, D^artment of 
Transport 

I. W. W. Martin, 

Canadian Arsenals, Limited 

James H* Romlatt, 

British Canadian Electronic Instruments, Limited 


668 



CAMHk (eontlnu«d) 


CHILE 

Delagate 

CHINA 

Chairman 

Delegates 

Secretaiy 

Obsenrera 

COLOUBIA 

Delegate 

DENUABK 

Delegates 


Observer 


IT* £• Nhlte^ 

Eleotrical Radar Engineer^ Canadian Arsenals « 
Limited 


Lieutenant Commander Alberto Andrade, 
Naval Attache, Embassy of Chile, 
Washington, D* C. 


W. H, T. l9i. 

Assistant Hanager, China Merchant Steam Naviga- 
tion Company 

Henry B. Lee 

T* S. Wang 

T. K. lu 

J. J. Lee 

C. Shio 


Lieutenant Jorge E. Palacio, 
Embas^ of Colombia, 
Washington, D* C. 


Captain J. Hauptmann-Andersen, D.R.N., 
Superintendent, Testing Establishment 
Nautical Instz*ument8 

Aksel Skov Knudsen, 

Head, Technical Section, Danish Lighthouse 
Seirvice 

Arnold Poulsen, 

Consulting Engineer to the Ministry of Com- 
merce and Shipping 

C. Lief Christensen, 

Engineer, Danish Chamber of Commerce, Shipping, 

D.P.P. 


669 



ECUADOR 


Del»g>t« 

FlNLAllD 

Del»gat»a 

FRANCE 

Dalegates 


GREECE 

Dclagata 

INDIA 

Dalegata 

IRAN 

Delegaf 


Captain Franeiaeo Fernandas Madrid^ 
Naval Attache) Enbaae^ of Ecuador) 
ttuihington) D. C. 


Villa Niakanan) 

Consul General in New loiic 

Professor Viljo V. Iloatalo 


P* B, F* Davl^ 

Chief Engineer of Naval Constmotions and Chief 
of Marine Section of Central National Studies 
of Teleconaninlcations 

M. Loranohet) 

Deputy Director of Economic Affairs and Naval 
Material in General Secretariat of Merchant 
Marine Ministry 

P. Petry) 

Assistant Director) Service of Lighthouses and 
Beacons of the Ministry of Public Works and 
Transports 


Lieutenant Georges SoubassakoS) 
Royal Greek Na'^ 


A. N. Seal) 

finglneer~in-Chief) Lighthouse Department 


Commander Mohamaad Ardalau) 

Assistant Military Attache ) Embassy of Iran) 
Washington) D. C« 


670 



mu 

Delegatee 


MEXICO 

Delegatee 


NETHERL/UIDS 

Chalnaan 

Delegatee 


Professor Torquato Carlo Giaimlnl, 

Counsel^ Italian Merchant Marine Ministry 

General Carlo Matteini, 

Italian Merchant Marine Ministry 

Captain Vincenzo Vaccarisi, 

Italian Navy, Head, Talecomnanications Office 


Lieutenant Connander Jose A. Cerdan Munoz, 
Mexican Navy 

Lieutenant Jose Ferrcm RoaK>, 

Mexican Navy 

Lieutenant Connander Alberto Marin Luvieno, 
Mexican Navy 

Lieutenant Higinio Perez Segrove, 

Mexican Navy 


A. J, ¥. van Anrooy, 

Chief, Marine Radio Coinsuni cations; Member, 
Radar ComHittee and Vice Chairman of Neth:- 
erlands Delegation, World Telecommunications 
Conference 

W. A. F. Liebert, 

Menber, Radar Comoittee and Delegate, World 
Telecommunications Conference 

Rear Admiral J, E. M. Raiuieft, 

Royal Netherlands Navy, Naval Attache, &d>asay 
of the Netherlands, 

Washington, D* C» 

Professor R. Roelofs 

J. T. Verstelle, 

Member, Netherlands Navy Hjrdrographic Bureau 


671 



NEW ZEUAHD 


Del»gaf a 


MGRVII 

Dalagataa 


Obaarvar 

FOUND 

Dalagataa 


FORTDQIL 

Dalagataa 


SIAN 

Dalagataa 


T. R. Claxkaon> 

Divialonal Radio Enginaar 

H. W. Ottrtla, 

DlTlaiooal Idxactor of Talacoaaninloatloaa 


Olaf Uo0, 

Dalagata to Nbrld Talacoonaanlcatlona Conferenea 
Ci^ain Kriatlan Oatbj, 

R«N,M«, Nayal and Air Attachaf fobaaagr of Noraay, 
laahington^ D« C. 

H* B« And3raaan« 

Noraagian Shipoanara Asaoolatlon 


JanoBS Oroaskoaakly 

Director, Polish Radio Tachnioal Dastituta 

Antooi Zielinski, 

Qctjnia Aaerioan Lina 


Idautanant Coamandar Jorge Naia Ranos Pereira, 
Director of Electricity and CoBBunioations Sanr* 
ieaa of Miniatzy Narinai Nambar Portuguese 
Delegation, World Teleconninicatlons Conferanoa 

lieutenant Antonio Beroardino Ferreira Nontairo, 
also Maaibar, Portuguese Delegation Ibrld Tala* 
coBBOCunications Conferanoa 


Captain M. C. K. Abhak<nn, 

NaTal Attache for Air, fiabassy of Siaa, 
Ibshington, D. C« 


672 



SIAM (oQQtlnusd) 


Luang Praiean— , 

Asaistant Director General of Boats and Tele- 
graphs 


SWEDEN 

Chairman Conanander Sven F. Forsberg, 

Royal Ssedlsh Navy 

Delegates Lieutenant Coamiander Axel Os BJoerling 

Sven A. Qejer 

Ernst Da Magnusson 

Erik Halvar Nordenmark 

Thonas £• Oevergaard 

Captain John Olaf Pettersson, 

Marine Superintendent > Swedish American Line^ 
Bros tr on Lines 


UNION OF SOUTH AFRICA 

Delegates M« W. Manson, 

Chief of Communications Action, South African 
Railways 

Dr, E. Percy Phillips, 

Head, Scientific Liaison Office, 

Washington, D. C. 

UNION OF SCVIET SOCIALIST REPUBLICS 

Delegates A. V* Dubinin, 

Chief, ConmmicatiGns Group, Soviet Government 
Purchasing Commission 

A# A, Raev, 

Engineer, Soviet Government Purchasing Ccmanis- 
slon 


673 



UIZOV OF SOVIET SOCIALIST BEPUBLICS (oontincwd) 


Coimandar K« P. ]^hlcoT> U»S.S«H. 
Repr«ftentati^ of the Ify’drographie Service of 
tbe U.S.S.R. 


CKITED KlNaDGH 


Leader 



Delegates 


Sir R<A>ert latson-lbtty C.B,, F.R«S»y 
Ministry of Transport 


Denis 0*Meill» 

Ministry of Transport 

Group Captain E. Fennosey, O.B^E.^ 

Radior Industry Group 

C. E. Horton, 

Adsdralty 

Captain F. 0. Madden, 

Shipping Industry 

Lieutenant R. B. Michell, D.S.C., R.N., 
Adndralty 

Colonel B. S. Millard, T.D., D.L«, 

Shipping Industry 

Captain T# L# Owen, 0«B«£«, R#D», 

Trinity House 

Ccnmander Gilbert V* Parmlter, R.N*, 

Admiralty 

L. U. J. Phillips, 

Radio Industry Group 

Captain R. V. Ravenhill, C.B.E., D.S.C., R.M«, 
Admiral-^ 

Captain F« Robinson, C*B«, R«D«, 

Shipping Industry 

IKLUiam Ross, 

Ministry of Tranq;>o(rt 


674 



UNITED KINGDOM (continued) 


Advleer 

Secretaiy 

Observers 

UNITED STATES 
Chairman 

Vi^ 

ftialrnan 

Delegates 


H, Stanesby, 

General Postoffice 

Captain J. C. Taylor, 
lilnlstry of Transport 

Dr. G. Touch, 

Ministry of Supply 

Captain V. H. Coombs, 
Ministry of Transport 

W. F. Palmer, 

Ministry of Tran^ort 

D. U. Sadler, 

Admiralty 

Captain A* V. S. Yates, 
Ra^o Industry 


John S. Cross, 

Assistant Chief, Teleconmunlcatlons Dlvislcn, 
Departmoit of State 


Edward M. Webster, 

Commissioner, Federal Cocmunicatlone Ccnmlssion 
Clarence A. Burmister, 

Lieutenant Conmander, Coast and Geodetic Survey, 
Department of Cotmoerce 

P. DeForrest McKeel, 

Civil Aeronautics A^nlst ration. Department of 
Commerce 

Daniel J. McKenzie, 

Master Mariner, Transportation Corps, War 
Department 

Q. Gordon McLintock, 

Commodore, United States Maritime Service, 
United States Maritime Commission 


675 



UNITED STATES (continued) 

Irvin L, McNally, 

Lieutenant Commander, IMited States Navy 
H* C. Moore, 

Captain, United States Coast Guard 
Edward C. Phillips, 

National Federation of American Shipping, Inc*, 
Washington, D. C« 

CoMressional 

Advisers Iferbert C. Bonner, 

House of Representatives* 

Fred Bradley, 

House of Representatives 

Willis W. Bradley, 

House of Representatives* 

John C. Brophy, 

House of Representatives 

Horace Seely Brown, 

House of Representatives 

T. Millet Hand, , 

House of Representatives* 

Henzy M. Jackson, 

House of Representatives* 

Eugene J. Keogh, 

House of Representatives* 

Cecil R. King, 

House of Representatives* 

Henr7 J* Latham, 

House of Representatives 

Robert Nodar, Jr., ^ 

House of Representatives* 


* Did not attend* 


676 



united states (continued) 


David U. Potts> 

House of Representatives 

Emory H. Price, 

House of Representatives* 

Leo F. Rj^flel, 

House of Representatives* 

Thor C. Tollefson, 

House of Representatives* 

Alvin F. Weichel, 

House of Representatives 

Special Assistants 
to Congressional 
Advisers 

Marvin Coles, 

Chief Counsel, Merchant Marine and Fisheries 
Committee, House of Representatives 

Guy H. LaBounty, 

Chief Investigator, Merchant Marine and Fish- 
eries Coinnittee, House of Representatives 

Industry Advisers 

American Telephone and Telegraph Company 
Francis Li. Ryan 
Bendix Aviation Corporation 
Paul Kreager 

Haig Kafafian (Alternate) 


* Did not attend. 

** In addition to the industry representatives, technicians and/or 
observers of the following companies participated in the DIMRAN: 

American Merchant Marine Institutes, Inc. 

Arlington Electric Products, Inc. 

Bell Telephone Laboratories 
Bendix International 

Eastern Industrial Company (Continued) 


7S407S(> 4K 


44 


677 


UNITED STATES (continued) 


Bludworth Marine 

Willard C. Blaisdell 

Fairchild Camera and Instarument Corporation 

George J. Podeyn, Jr. 

H. £. Hale (Alternate) 

Hageltine Electronics Corporation 

W. H. Wllaon 

International General Electric Company 
C. G. Roberts 

Prank H. Speir (Alternate) 

Lake Carriers ' Association 
C. M. Jansky (Speaker) 

Mackay Radio and Telegraph Compaixy, Inc . 

E. H. Price 


EDO Aircraft 
Furness Line 

General Precision Laboratories 
Glaveston Distributors 
International Standard Electric 
International Telephone and Telegraph 
Lawton Products Co., Inc. 

Maritime Association of the Port of New York 
Moore— McCormack Lines 
pacific -American Steamship Association 
Philco Corporation 

Radio Navigational Instruments Corporation 
Radiomarine Corporation of America 
Southern New England Telephone Co. 

Tropical Radio Corporation 
Western Electric Company, Inc. 

Westlnghouse Electric Corporation 
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UNITED STATES (continued) 

National Federation of American Shipping , Inc . 

American Merchant Marine Institute, Inc . 

H. W. Schlichtlng (Adviser to United 
States delegate from NFAS) 

Pacific American Steamship Association 

A. C. Monrison (Adviser to United States 
delegate from NFAS) 

Radio Corporation of America 

Thomas A . Ccnsalvl 

C. A. Magnell (Aiteraate) 

Sperry Gyroscope Company , Inc . 

Eric I. Isbister 

Submarine Signal Company 

Kenneth V. Ciortis 

Sylvanla Electric Products , Inc . 

A. C. Viebranz 

Nhllace & Tiemeui Products, Inc . 

Warren F. Haring 

Government Advisers 

United States Coast Guard 

Lairrence M. Harding, 

Captain, USOG 

George E. Howarth, 

Lieutenant Commander, USCG 

0« L. Ottinger, 

Lieutenant Commander, USCG 
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UNITED STATES (continued) 


Navy Department 

Frank Virden, 

Captain, USN 

0. F. Kennedy, 

Coounander, USNR, H(ydrographic Office 

Sue Chamberlin King, 

Lieutenant, W(A) USNR 

Alfred H. Kerrick, 

R^drographic Office 

Gunnar Liefson, 

Rydrographic Office 

Alton B* MooRy^, 

Rjrdrographic Office 

Henrietta H. Swope, 

Rydrographlc Office 

William Q. Ifett, 

Rydrographlc Office 

United States Coast and Geodetic Survey 

Casper N. Durgin, 

Commander, USCGS 

Harold R. Edmonston 

Gordon B. Llttlepage, Jr* 

Civil Aeronautics .Adininlstration 

Richard Battle 

Peter Caporale 

Raymond E. McCormick 

Federal Communlcationa Coimaisaioo 

John R« Evans 
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UNITED STATES (continued) 


(Siarles C. Kolster 
WlUlam N. Krebs 
Howard C. Looney 
William F. Minners 
Lester W. Spillane 
United States Maritime Commission 
Gilbert C. Fonda^ 

Lieutenant Commander, United States Marl~ 
time Service 

John L. Thompson, 

Lieutenant, United States Maritime Service 

ilan Osbourne 

War Department 

Richard T. Black, 

Lieutenant Colonel, Air Corps 

Max 1. Hall, 

Lieutenant Colonel 


URUGUAT 

Delegate 


Lieutenant Commander Enrique Real Oe Azua, 
Uruguayan Navy 


VENEZUEU 

Delegates 


Lieutenant Antonio Jose AlTonzo, 
Armed Forces of Venezuela 


Pedro Elias Behrens, 

Radio Technician 

Renato Gutierrez, 

Telecommunications Director, Venezuelan Coot' 
ntunlcatlons Ministry 
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lUGOSUVIA 


Delegates Captain Anton Aksic, 

Yugoslavian Ministry of Shipping 

Theodore Tijan, 

Merchant Marine Attache to the Embassy of 
Yugoslavia, 

Washington, D. C. 


INTERNATIONAL SECRETARIAT 

Honorary Chairman 

Garrison Norton, 

Assistant Secretary of State 

Chairman 


Dr. William L. Everitt, 

University of Illinois 

Executive Secretary 

John S. Cross, 

Assistant Chief, Telecommunications Division, Department 
of State 

Special Assistant to Executive Secretaiy 
Donald R* MacQuivey, 

Telecommunications Division, Department of State 
Press Relations Officer 
Joseph W. Reap, 

Office of the Special Assistant for Press Relations, 
Department of State 

Protocol Officer 

Raymcmd B. Muir, 

Division of Protocol, Department of State 
Program Coordinator 
L. E. Bi*unner, 

Lieutenant CcWander, United States Coast Guard 
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INTERNATIONAL SECRETARIAT (continued) 

Executive Officer 

Henry F. Nichol, 

Division of International Conferences, Department of 
State 

Special Assistant to Executive Officer 
Dorothy King, 

Division of International Conferences, Department of 
State 

Liaison Officers 
J, G. Bastow, 

Lieutenant, United States Coast Guard 
D. G. Cowie, 

Lieutenant, United States Coast Guard 
A, H. Graham, 

Lieutenant, United States Coast Guard 

C. L. Olson, 

Lieutenant, United States Coast Guard 

D. R* Domke, 

Lieutenant (jg). United States Coast Guard 
C. R. Newton, 

Lieutenant (jg). United States Coast Guard 
Documents Officer 
Mary Haslacker, 

Division of International Conferences, Department of State 
Assistant Documents Officer 
Leonore Hemelt, 

Division of Organization and Budget, Department of State 
Administrative Officer 

Reginald T. Johnson, 

Division of Internaticnal Conferences, Department of State 
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INTERNATIONAL SECRETARIAT (continued) 

Finance Officer 
John R. Wheeler^ 

Division of International Conferences | Department of 
State 

Transportation Officer 
Leonard Brody, 

Division of Central Services, Department of State 
Registration , Housing , and Information Officer 
Florence H. De Gonzalez, 

Division of International Conferences, Department of 
State 

Assistant Registration , Housing , and Information Officer 
Mary Alice Sheridan, 

Division of International Conferences, Department of 
State 

Presentation Officer 
Stuart I. Freeman, 

Division of Central Services, Department of State 
Supply and Order of the Day Officer 

Vllliam D, Misfeldt, 

Division of International Conferences, Department of 
State 

Reporting Services 

Helen Campbell 
Eleanor Koontz 
Edna Moyer 
Violet Voce 

Stenographic Services 

Ellen %ry. 

Supervisor 

Juanita Ames 
Isabell £. Erzen 
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INTERNATIONAL SECRETARIAT (continued) 


Rose Hahlen 
Donna Huskey 
Mary S. Kilburg 
Norma Jean Main 
Gladys Vance 
Doris Williams 
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